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1 EPOi 

Description 

Field of the Invention 

The present invention relates to a transfer mecha- 
nism that transfers electric power or signals to an elec- 
tric load provided in a mobile or rotatable unit and relates 
to a dividual or split-type mechanical device that em- 
ploys such transfer mechanisms. The present invention 
further relates to a control method of the split-type me- 
chanical apparatus. 

Background of the Invention 

There has recently been a growing demand for au- 
tonomic decentralization of a machining system in an 
entirety of a machine system including robots and ma- 
chine tools wherein the machining system is divided into 
independent functional units having control functions 
and machining functions of their own, i.e., autonomous 
units, wherein these units, maintaining their independ- 
ence, carry out a coordinated machine work by effecting 
communications between a static functional unit (here- 
inafter referred to as a static unit) and movable function- 
al units as well as mutually between the movable func- 
tional units for exchanging commands and information. 

Dividing the machining system into a plurality of 
functional units in this way enables the optimum combi- 
nations of a plurality of functional units to fit each par- 
ticular working object as the occasion demands, and 
consequently, offers the advantage that a single ma- 
chine plant may serve for carrying out a wide variety of 
functions. 

However, dividing the processing system into func- 
tional units is by no means obvious. For example, de- 
termining what extent of the apparatuses within the ma- 
chining system should be consolidated as one unit 
presents one technical problem. In addition, it is to be 
desired that the attachment and removal of each func- 
tional unit be easy, and moreover, that an electric power 
transfer system and a communication system be auto- 
matically established between a movable functional unit 
and the static unit upon attachment of the movable func- 
tional unit to the static unit. This is particularly essential 
in the field of machine tools for realizing complete au- 
tomatization of operation of jigs and for electrically con- 
trolling such operations as positioning, centering, and 
clamping a workpiece on a pallet as it moves from a set- 
up process to a work process. 

In addition, even in the case that a functional unit, 
for example a servomotor, is not physically separable 
from the static unit, a way of controlling the servomotor 
driven on a rotating body making multiple rotations is 
also becoming desirable. This applies to such cases as, 
for example, the rectilinear drive of a machine post 
mounted at the tip of the main shaft of a machine tool 
by an electric motor, or the electrical powering of a lathe 
head chucking section, or to a case in which the main 
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shaft of an electric motor is mounted on a rotating index 
table. In such a case, in order that the control signals 
and electric power to drive the electric motor is supplied 
from a static unit, it is necessary that the electric power 

5 supply system and communication system always op- 
erate stably for any rotations of the rotating body. 

A general survey will next be presented of the prior 
art relevant to the present invention from the viewpoint 
of the above-described current state of mechanical en- 

io gineering. 

Fig. 1 is a block diagram showing the basic structure 
of an electric motor control of the prior art. 

A power source 11 inputs electric power of commer- 
cial frequency and supplies main power supply S1 2 and 

15 control power supply S1 3 to controller 12. The controller 
1 2, driven by control power supply S1 3, is composed of 
position amplifier 1 2^ , speed amplifier 1 2^ differentiator 
12 3 , current amplifier 12 4 , and power switch 12s, there- 
by modulating and supplying the main power supply S1 2 

20 to the servomotor 1 3 in response to a position command 
S11 fed from the upstream system. The detector 1 4 de- 
tects the position of the servomotor 13 and feeds back 
a position signal S1 5 to the position amplifier 1 2 1 (posi- 
tion loop). The position amplifier *\2^ generates a speed 

25 command from position command S1 1 and position sig- 
nal S15. The differentiator 12 3 differentiates position 
signal S15 and generates a speed signal. The speed 
amplifier 122 inputs the speed signal and speed com- 
mand and outputs a torque command (speed loop). The 

30 current amplifier \2 A compares the torque command 
and current signal (current detector value) S14 and 
modulates the current to be supplied to the servomotor 
13 by controlling the power switch 12g. In this way, con- 
trol of the prior art of a servomotor is carried out with a 

35 servocontroller system including a power source, a po- 
sition detector and a servocontroller ail being fixed 
based on the premise that any of the constituent parts 
will not be removed. 

In the field of machine tool working, work is carried 

40 out for example, by controlling the positioning of a tool 
post 24 at the end of a main shaft 21 (facer machining 
center) as shown in Fig. 2, or by chucking a workpiece 
34 through chucking jaws 33 driven by a chucking motor 
32 at the shaft end of a main motor 31 or spindle unit as 

45 shown in Fig. 3 through signal communication with the 
rotation shaft and through additional power supply other 
than the rotation power to the rotating shaft. In such cas- 
es, however, because the supply of electric power and 
signals could not be easily achieved in the prior art, 

50 methods have been used such as arranging, within a 
hollow shaft of the main motor 41 or spindle unit, a co- 
axial shaft 43 for transmitting power in the form of me- 
chanical power, as shown in Fig. 4, but due to problems 
relating to machining accuracy and long-term reliability, 

55 it has been extremely difficult to put this approach into 
actual use at a low cost. Fig. 4 shows a case in which 
the mechanical power is used to drive bevel gears 44, , 
442 to move a traveling pedestal. 
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In machine tool working, there has also been great 
demand for controlling an actuator provided at an end 
of a main shaft, and otherwise for sending information 
to a workpiece, jig, or tool at the end of a main shaft, or 
monitoring the conditions of these components by s 
means of detectors. For example, in a chucking device 
attached at an end of a spindle head driven with a hy- 
draulic cylinder, because the effective chucking pres- 
sure decreases due to the centrifugal force acting on the 
workpiece as the rotational speed of the spindle increas- 1Q 
es, it is desirable to effect on-line control through feed- 
back of chucking pressure. Even when actual control of 
the chucking pressure cannot be realized, there remains 
a demand for on-line monitoring of the chucking pres- 
sure. 15 

In -process monitoring of the state of a tool attached 
at the end of a spindle head during machining, prediction 
of breakage of a tool or confirmation of breakage is an 
essential item for effecting continuous 24-hour process- 
ing in FMC. For this reason, it is desirable.to have sensor 20 
information (for example, information on tool tip temper- 
ature, vibration, acoustic emission, etc.) sensed at the 
main shaft end and returned during machining to an NC 
control device in real time. It is furthermore necessary 
to have measured position information on the location 2s 
ahead of the spindle head (for example, the gap be- 
tween tool and workpiece), and more basically, feed- 
back of sequence signals such as limit switch signals in 
an ATC collect chuck. 

As explained above, despite the strong demand for 
obtaining on-line information beyond the main shaft, 
transmission of the information by wiring cannot be 
used, because this involves a difficulty of wiring from a 
part rotating at high speed to a static part. Further, in 
order to obtain this information reliably, the detectors 
must in nearly all cases be mounted at the end of the 
main shaft, and consequently, the detectors must be 
supplied with electric power from the outside. Mounting 
batteries at the end of the main shaft to supply power is 
conceivable but usually not practical due to a large in- 
crease in weight of the portion that rotates at high speed 
as well as to the difficulty of exchanging batteries. Di- 
rectly coupling a rotary electric generator to the main 
shaft to obtain power through rotation of the main shaft 
is also conceivable, but this course would not provide 
sufficient power when the shaft is at rest or rotating at a 
low speed. As a result, the necessity remains for some 
method of of transmitting electric power for the detectors 
from the static part to the end of the main shaft, and 
conversely, transmitting detector information from the 
end of the main shaft to the static part, by way of the 
high-speed rotating part and independently of the rotat- 
ing state of the main shaft. 

As a method of the prior art, there are examples in 
which power supply and signal transmission are carried 
out by arranging slip rings coaxially with the main shaft, 
but this method has proved impractical in such a case 
as the main shaft rotates at high speeds of over several 



thousand rpm, because there is a tendency for problems 
such as noise generation caused by contact abrasion 
and poor contact. 

In multi-articulated robots and SCARA robots, pow- 
er supply and signal communication for every output 
shaft of servomotors have been achieved with a large 
number of wires, but problems are encountered in that 
the range of movement of the robot arm is restricted by 
turn-aside of the wiring and long-term repeated opera- 
tions lead to fatigue and breakage of the wiring. 

Regarding multi-articulated robots, a solution to the 
above-described turn-aside problem has been pro- 
posed in Japanese Patent Laid-open 93-13796. In this 
multi -articulated robot, a first arm is driven by a direct- 
drive motor installed in a static shaft. A second arm and 
a tool shaft are driven by way of pulleys supported by 
the static shaft, the rotation shaft of the second arm, the 
tool shaft and rotation transmission means (time belt) 
linking the pulleys. As to the wiring, a first slip ring is 
provided around the outside of the direct drive motor for 
driving the first arm, a third slip ring is provided around 
the outside of the tool shaft at the end of the second 
arm, and wiring within the base is connected by way of 
the first slip ring to the third slip ring through the hollow 
rotation shaft at the end of the first arm, and further, is 
connected to the hand through the hollow tool shaft. In 
this way, the first arm, second arm, and wrist do not in- 
terfere with each other and rotation greater than 360° is 
possible without tangling or break of the wire. However, 
in this multi-articulated robot, the slip ring is used for the 
transfer of electric power and signals to the tool shaft. 

In addition to the use in multi-articulated robots as 
descrtoed above, contact slip rings have been used for 
supplying power and communicating signals to multiple- 
rotation bodies, but here, improvement of reliability is 
limited by problems of stability and electrode wear dur- 
ing high-speed rotation, and when assembled in a ma- 
chine, exchange operations are difficult. Furthermore, 
the adoption of this method of electrode contact is ren- 
dered essentially impossible due to problems of main- 
taining reliable electrical contact when exposed to the 
metal chips and cutting oil mist present in the working 
ambience of working machinery. 

The non-contacting power transfer apparatus as 
disclosed in EP-A-0 374 749 has a single magnetic core 
with a central cylindrical section and a circumferencial 
annular section. The primary coils connected to the stat- 
ic part are wound radially spaced apart from each other 
around the central cylindrical section. The secondary 
coil, which is connected to a rotary unit, is inserted axi- 
ally into the space defined between the primary coils. 
The electric power is transferred between the primary 
and secondary coils elect romagnetically intermediated 
by the magnetic circuit made of the single magnetic 
core. 

In order to insert the secondary coil axially into the 
space defined in the magnetic core, a gap has to be pro- 
vided in the magnetic core, through which the secondary 
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coil is to be passed into the space. This gap causes a 
leakage of magnetic flux, entailing an inferior transfer 
characteristic as well as a low transfer efficiency caused 
by a loss of power to be transferred. In fact, it is known 
that this type of the power transfer apparatus is capable 
of transmitting only small electric power. In addition, be- 
cause the direction of shifting the secondary coil into the 
space in the magnetic core is limited to the axial direc- 
tion only, the freedom of choosing the direction of bring- 
ing the secondary coil near the primary coil is little. This 
causes the noncontacting power transfer apparatus to 
be difficult to employ for static and rotary units of arbi- 
trary shapes and functions. 

It is an object of the present invention to provide an 
electric power transfer apparatus that can supply, with- 
out direct electric contact, electric power to a movable 
or multiple-rotatable body, taking into consideration the 
above-mentioned problems. 

These problems are solved, according to the inven- 
tion, with the features of claim 1 . 

Because the magnetic path length of the magnetic 
circuit does not change despite arbitrary rotations of the 
rotatable unit, it is rotation-invariant. As a result, the 
magnetic flux linking with the second coil depends only 
on the magnetomotive force and does not depend on 
either speed or the angle of rotation of the rotatale unit. 
Accordingly, rotation-invariant electromagnetic motive 
force is generated in the second coil despite arbitrary 
rotation (multiple rotations, high-speed rotation) of the 
rotatable unit. 

In addition, because the first and second cores se- 
cured to the static unit and rotatable unit, respectively, 
are split across the core gaps, electric power is trans- 
ferred without direct electric contact, and the rotatable 
unit can easily be detached and separated from the stat- 
ic unit. As a result, this construction is suitable for power 
transfer in a dividual or split-type machine apparatus. 

In the motor control system of the present invention, 
regarding the servo-controller for controlling the motor, 
the portion of the servo-controller that depends on the 
type of motor is combined with the motor to form an au- 
tonomous motor unit, and the portion of the servo-con- 
troller that does not depend on the type of motor, i.e., 
the portion of the servo-controller that can be used uni- 
versally for any motor, is arranged in the static unit. Fur- 
ther, the portion of the servo-controller that depends on 
motor type, for example, direct current motors, synchro- 
nous motors, or induction motors, is the current control- 
ler. 

In this way, the autonomous motor unit is made light 
and compact. Many types of autonomous motor units 
can be prepared, allowing use of the most suitable unit 
for attaining an intended object As a result, autonomous 
motor units can be used exchangeably while the servo- 
controller portion provided in the static unit can be used 
in common regardless of changes of the autonomous 
motor units. 

As described above, the noncontacting power 



transfer apparatus of the present invention is able to op- 
erate stably even for high-speed rotation of the rotatable 
unit. As a result, by establishing this apparatus between 
the main shaft and static unit, stabilized power can be 

s supplied to the sensor means arranged at the main shaft 
tip, and main shaft tip information can be reliably trans- 
mitted to the static unit. 

According to the method of controlling noncontact- 
ing power supply of the present invention, the servo- 

io controller in the static unit generates and provides to an 
autonomous motor unit a torque command based on 
both the detected information by the detecting means 
and the command signal supplied from a prescribed up- 
stream apparatus, and the autonomous motor unit op- 

is erates the motor in accordance with the torque com- 
mand sent from the servo-controller portion provided in 
the static unit. 

As described above, the current controller portion 
of the servo-controller is established in the autonomous 

20 motor unit, and the servo-controller in the static unit 
transmits torque commands to the autonomous motor 
unit by way of the noncontacting signal transfer appara- 
tus. 

25 Brief Description of the Drawings: 

Fig. 1 is a block diagram showing the basic con- 
struction of servo-control of the prior art; 
Fig. 2 is a view showing the tool post positioning on 
30 the end of a main shaft of a motor; 

Fig. 3 is a view showing chucking of a workpiece at 
a main shaft tip of a motor; 

Fig. 4 is a view showing a mechanical power trans- 
mission mechanism using a coaxial shaft; 

35 Fig. 5 is a view showing the basic construction of a 
noncontacting electric power transfer apparatus of 
the first embodiment of the present invention; 
Fig. 6 is a variation of the apparatus of Fig. 5 in 
which magnetic coupling between the primary and 

40 secondary coils is strengthened; 

Fig. 7 is a view showing a construction for enabling 
the separation and joining of a U-shaped core and 
a cylindrical core; 

Fig. 8 is a view illustrating an application of the non- 
45 contacting power transfer apparatus to addition of 
a work axis in a machine tool; 
Fig. 9 is a view illustrating an application of the first 
embodiment to addition of a work axis onto a pallet; 
Fig. 10 is a view showing the construction of a non- 
50 contacting power transfer apparatus of the second 
embodiment of the present invention; 
Fig. 11 is a view showing the construction of the 
magnetic circuit of the apparatus of Fig. 10; 
Fig. 1 2 is a view showing the construction of a sec- 
55 ondary coil of sheet type; 

Fig. 1 3 is a side elevation view showing the arrange- 
ment of the rotating disk and U-shaped core of the 
apparatus of Fig. 10 in a case using a sheet -type 
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secondary coil; 

Fig. 14 is a view showing the construction of a pot- 
core type high-frequency transformer; 
Fig. 15 is a view showing the construction of high- 
frequency transformer of a rotary-machine core 5 
type; 

Fig. 1 6 is a view showing the construction of a rotary 
apparatus of an other embodiment of the present 
invention; 

Fig. 17 is a sectional view showing wiring within a 10 
groove and a hollow portion of the rotating shaft; 
Fig. 1 8 is a view showing the construction of a rotary 
apparatus of an other embodiment of the present 
invention; 

Fig. 1 9 is a view showing the construction of a rotary 
apparatus of an other embodiment of the present 
invention; 

Fig. 20 is an electrical circuit diagram illustrating a 
manner of providing electric power to an ordinary 
motor load according to an other embodiment of the 20 
present invention; 

Fig. 21 is an electrical circuit diagram showing a 
manner of providing electric power to the controller 
and detector disposed ahead of a shaft tip accord- 
ing to the twelfth embodiment of the present inven- 2s 
tion; 

Fig. 22 is a block diagram showing a construction 
of a main-shaft tip information transmission system 
according to the thirteenth embodiment of the 
present invention; so 
Fig. 23 is a view showing the high-frequency trans- 
former structure installed inside the main shaft unit; 
Fig. 24 is a view showing the high-frequency trans- 
former structure attached ahead of the tip of a main 
shaft; 35 
Fig. 25 is a view illustrating a PWM feedback sys- 
tem for information created on a main shaft tip; 
Fig. 26 is a view showing the construction of a pow- 
er source for PWM in the system of Fig. 25; 
Fig. 27 is a view showing a multichannel informa- *o 
tion-transfer path by coaxial arrangement; 
Fig. 28 is a view showing an application of the 
present invention to measurement of a tool tip size 
of an infeed tool. 

Fig. 29 is a view illustrating an application of the 4S 
present invention to monitoring grasping power of 
chucking at a main shaft tip; 
Fig. 30 is a block diagram showing an embodiment 
of the split-type control circuit of a servomotor of the 
present invention; 50 
Fig. 31 is a view showing an example of coupling of 
autonomous motor units to a servo-controller in a 
static unit; 

Fig. 32 is a perspective view showing a concrete 
construction of the separable high-frequency trans- 55 
former shown in Fig. 30; 

Fig. 33 is a view showing a circuit for noncontacting 
transmission of electric power from a static unit to 



an autonomous motor unit; 

Fig. 34 is a view showing noncontacting signal 
transmission between an autonomous motor unit 
and a static unit by an optical coupler; 
Fig. 35 is a diagram illustrating a multi-channel light 
signal transfer path of a coaxial arrangement; and 
Fig. 36 is a view showing an embodiment of multi- 
stage connections of the noncontacting power 
transfer apparatus and the noncontacting signal 
transfer apparatus; 

Detailed Description of the Preferred Embodiments: 

As explained above, the present invention relates 
to a noncontacting power transfer apparatus and vari- 
ous types of machine apparatus using these apparatus. 
The various embodiments here described appear to 
cover a broad spectrum at first glance, but all include a 
noncontacting power transfer apparatus (noncontacting 
power supply apparatus). These apparatus hold prom- 
ise of further development for processing machinery, ro- 
bots, and other machines of the prior art, as will become 
clear from the embodiments described below. The 
present invention provides an apparatus having func- 
tions further developed through the application of the 
noncontacting transfer apparatus for electric power of 
the present invention to various machines. Each of the 
embodiments hereinafter described realizes the object 
or, simultaneously, a plurality of the objects of the 
present invention. The embodiments will be explained 
in the following order. 

1 . The noncontacting power transfer apparatus and 
their applications to installing an additional work ax- 
is to a machine tool (Figs. 5-1 3) 

2. The construction of the apparatus for supplying 
electric power to a rotation shaft and for receiving 
and supplying signals between the rotating shaft 
side and the power supply side (Figs. 1 6-21 ) 

3. A spindle tip information transmitter as the appli- 
cation of Item 3 (Figs. 22-27) 

4. Measurement of tool tip sizes of infeed tools and 
monitoring grasping power of chucking at a main 
shaft tip as the application of Item 3 (Figs. 28, 29) 

5. A servomotor and its split-type control circuit 
(Figs. 30-35) 

6. Multi-stage connections of noncontacting power 
transfer apparatus and noncontacting signal trans- 
fer apparatus 

Fig. 5 shows the basic construction of a first embod- 
iment of the noncontacting power transfer circuit of the 
present "invention, (A) being a structural view, and (B) 
being a plan view. 

A magnetic circuit (hereinafter referred to as a mag- 
netic path) is made up of a fixed (static) U-shaped core 
51 , and a rotating core 53 of cylindrical shape inserted 
in taper holes 52 in the fixed core 51 . A primary coil 54 
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is wound on fixed core 51 , and a secondary coil 55 is 
wound on rotating (rotatable) core 53. For both coils litz 
wire is used tor improved high-frequency characteris- 
tics. Because the terminals of secondary coil 55 must 
be taken out onto the rotating body, the lead wire is s 
passed through lead-in holes 56, through the interior of 
the rotating core and out through upper leadouts 57. By 
virtue of this construction, when rotating core 53 makes 
multiple rotations relative to the static part, any distur- 
bances in the magnetic field and any variations in the to 
effective magnetic path length are not caused, because 
such multiple rotations correspond to a sufficiently low 
electric frequency as compared with the high excitation 
frequency. Consequently, stable supply of electric pow- 
er is possible in case there is no variation in the gap is 
length of the slide portion due to the rotation. 

Fig. 6 shows the construction of a modification of 
the apparatus of Fig. 5 in which the leakage in magnetic 
flux is reduced and coupling of the primary and second- 
ary coils is strengthened. Specifically, in the structure of 20 
Fig. 6, the U-shaped core 61 is attached to the rotatable 
unit, and the cylindrical core 63 is secured to the static 
unit. Further, in order to strengthen the coupling be- 
tween the primary coil and the secondary coil, the cylin- 
drical core 63, on which the primary coil is wound, is 2S 
covered with a mold-formed secondary coil 65 arranged 
so that the secondary coils will not contact with the pri- 
mary coil. The formed secondary coil 65 is tightly fixed 
to the rotatable unit, and the electromagneticalty in- 
duced voltage in this coil is supplied to the rotatable unit. 30 
In this construction, because the U-shaped core 61 is 
not a support of the secondary coil but rather serves to 
close the magnetic path, a construction is preferred in 
which the core 61 moves so as to fit to the slide surface 
in order to reduce the gap to the utmost. This object can- 3S 
not be achieved if the core is secured tightly to the ro- 
tatable unit, but since there is no need to rigidly secure 
the core 61 in this construction, the U-shaped core 61 
is loosely secured to the rotatable unit by loose joining 
members 66 so that the joining will not hinder rotation. *o 
In this way, the core is automatically attracted to the cy- 
lindrical core 63 by the magnetic attractive force and it- 
self moves so as to reduce the gap, thereby acting, with 
the effect of the overlap winding of the secondary coil 
above, to realize electromagnetic coupling with little ^s 
leakage of magnetic flux. 

Fig. 7 shows the construction for separating and 
joining the U-shaped core and the cylindrical core 73, 
(A) showing the construction and (B) showing the joining 
and separating procedure. 50 

As shown in the figure, on each of two parallel ex- 
tending legs 71 of the U-shaped core, which is the fixed 
(static) portion of the construction in Fig. 5, a notch 74 
is formed reaching from the end of the leg to the tapered 
hole 72 to produce an open form, resulting in a construe- 55 
tion that allows the rotating body and the fixed portion 
to join or separate along the direction perpendicular to 
the axis of rotation of the rotating body, and this con- 



struction has useful possibilities for the structure of the 
machine system of the present interest. Specifically, as 
shown in the same figure, the power transfer apparatus 
is constructed and spirt in the order of coupling, power 
supply to the rotating body and decoupling, thereby al- 
lowing detachment as well as multiple rotations of the 
rotating body. 

Fig. 8 shows an example of establishing an addi- 
tional work axis in a machine tool (machining center) in 
which the power transfer apparatus of the type shown 
in Fig. 5 or 6 is advantageously used. (A) shows the 
state before establishing the additional axis to the pallet, 
and (B) shows the state following the establishment. 
Here, reference number 81 indicates a machining cent- 
er having a rotating table 82 and a pallet 83, to which is 
attached a workpiece which can be worked on the four 
surfaces excluding the upper and lower surfaces. The 
pallet B3 to which the workpiece is clamped can be at- 
tached to the rotating table 82 through a pallet exchange 
operation, and if the functions of a vertical rotating table 
86 is established on this pallet as shown in the figure, 
freedom of working can be increased significantly by al- 
lowing work of five surfaces. For this purpose, a servo- 
axis is mounted on the pallet (the servo-spindle is built 
in the rotating table 85). Upon exchanging the pallet 83 
preceding the commencement of cutting, automatic 
power supply must be effected. However, this power 
supply cannot be effected through contact-type connec- 
tion as is carried out in the normal environment, because 
contact-type power feed requires simultaneous multipo- 
lar (two or more points) contact, and due to difficulty in 
positioning, such automatization is difficult. Further- 
more, power feed by electrodes is virtually impossible 
in the work area of a machining center because of the 
difficulty of maintaining good electrical contact in an am- 
bience of metal chips and cutting oil. 

The application of high-frequency electromagnetic 
induction to power feed according to the present inven- 
tion is therefore proposed. This offers advantages in that 
power transmission can be continuous in analogue wise 
and precise positioning or fitting is unnecessary, and fur- 
ther, it is relatively impervious to severe conditions. For 
example, even if the cutting oil used in a machining cent- 
er is water soluble and highly conductive, the occur- 
rence of an eddy current will not reach a level that can 
influence the power transmission characteristics, mean- 
ing that exposure to cutting oil will scarcely impede 
transmission. In addition, despite concern that metal 
chips created by cutting a workpiece may attach to the 
magnetic path and cause transmission loss due to the 
generation of eddy currents, in actuality, even with 
chipped magnetic powder disposed to adhesion due to 
attraction, the adhesion will not occur as long as the re- 
sidual magnetic flux of the magnetic core is not large 
because the excitation frequency is high and, moreover, 
the polarity of magnetization alternates. Even if adhe- 
sion were to occur due to some other factor, cutting oil 
could be used effectively to wash away the offending 
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material. 

In Fig. 9 is shown a construction using a rotatable 
power transfer method that allows separation and cou- 
pling for realizing the work-axis addition shown in Fig. 
8. (A) shows the fixed core 91 and rotating core 93 be- 5 
fore mount by movement of the pallet 90, and (B) shows 
the state in which the fixed core 91 and the rotating core 
93 are in a fitted state and power is supplied to the added 
axis (the servomotor for the added axis). As shown in 
the figure, through an arm 92 extending from the static io 
part of the machining center, the fixed core 91 is accu- 
rately positioned in the vicinity of the rotation center of 
the rotating table. The rotating core 93 is arranged on 
the rotation axis of the pallet, and the lead wire from the 
secondary coil wound on the rotating core 93 is led into *s 
the pallet. As explained above, in automatic exchange 
(from (A) to (B) in the figure), because the pallet and 
rotation table are joined such that the axes of rotation 
coincide, a power transfer apparatus can be constituted 
in the form shown in Fig. 7. Even if the table rotates 20 
through indexing, power supply from the static machin- 
ing center to the pallet can be continuously effected free 
of influence by the angle of rotation. The servo-spindie 
and servo-controller are provided inside the pallet, and 
the high-frequency voltage induced in the secondary 25 
coil is converted to DC voltage by the rectifying-smooth- 
ing circuit embeded in the pallet and used as main power 
and control power of the servo-controller. Moreover, 
control of the added work-axis and feedback of signals 
are carried out by a method not shown in the figure (for 30 
example, by high-frequency electromagnetic induction 
according to the same principle as the power transfer, 
or optical transfer such as by infrared light). 

In this way, the application of high-frequency elec- 
tromagnetic induction solves the problems of instability 
and abrasion encountered during high-speed rotation in 
the contact-type (slip ring) power supply of the prior art, 
and in addition, power can be transmitted to a multiple- 
rotating body free from the influence of the interposition 
of cutting oil or cut chips occurring in the operating en- 40 
vironment of machine tools. 

Accordingly, an apparatus is achieved that has an 
increased transmission efficiency, allows use even un- 
der the severe conditions of such as a machine tool en- 
vironment, and effects power supply without direct elec- 45 
trie contact even between bodies that are not only rotat- 
able, but also separable and joinable relative to each 
other, and as a result, automatic exchange can be easily 
carried out, for example, between cutting work pallets, 
work tools, and heads in machine tool work, thereby &> 
contributing to the acceleration of automatization in 
manufacturing applications for limited-quantity large-va- 
riety production. 

Fig. 10 shows a construction of the second embod- 
iment of the noncontacting power transfer apparatus of 55 
the present invention. Fig. 11 shows the construction of 
the magnetic circuit of the apparatus of Fig. 1 0, (A) being 
a case where the periphery of the rotating body is a non- 



magnetic substance, and (B) showing a case in which 
the periphery is a high-frequency magnetic substance. 

An electrically insulating substance (non-magnetic 
substance) 1 02 is applied to the periphery of the rotating 
body 103, which is the object for power supply, and 
around this substance the secondary coil 105 is circum- 
ferentially arranged. Opposed to this assembly, a U- 
shaped high-frequency magnetic core (U-shaped core) 
101 , around which the primary coil 104 is wound, is ar- 
ranged in a static part outside the circumference of the 
rotating body 103 so as to straddle the insulating sub- 
stance 102 and the secondary coil 105. The end lead 
wire passes through a lead-out hole 109 and is led out 
towards the rotation axis so that the U-shaped core 1 01 
does not contact the secondary coil 105 even when the 
rotating body rotates in relation to the static part. The 
primary coil 104, under excitation by means of a high- 
frequency inverter 106 in the static part, gives rise to 
main magnetic flux passing through the U-shaped core 

101 and the insulating substance 102. Here, the width 
W of the insulating substance 102 is within a range suf- 
ficient for providing the electrical load capacity required 
to the rotating body but is made as thin as possible to 
suppress magnetic flux leakage to a low level. However, 
as will be explained below, this limitation is not neces- 
sary for a case in which the magnetic path is closed by 
making the part of the insulating substance 102 with the 
same magnetic material as the U-shaped core. In addi- 
tion, when it is necessary that the rotating body be re- 
movable, the widths of both the insulating substance 

1 02 and the secondary coil 105 are made smaller to al- 
low removal from the U-shaped core. 

In the secondary coil 105, high-frequency voltage 
occurs due to electromagnetic induction, and when the 
circuit of the secondary coil 105 is closed through the 
electrical load on the rotating body, current flows in order 
to compensate for a change in the magnetic flux pro- 
duced by the primary coil (shown in the figure). As a re- 
sult, the secondary induction voltage taken out onto the 
rotating body through lead wire lead-out hole 109 is thus 
supplied to an electrical load such as a motor or solenoid 
through voltage converter circuit 107 and the stabilizer 
circuit 108 on the rotating body as well as is used as 
power source for an information transmitter or detector 
not shown in the figure. 

Here, in cases when the material used for electri- 
cally insulating substance 102 is not a magnetic sub- 
stance (in particular, a high-frequency magnetic materi- 
al), magnetic flux leakage occurs in the magnetic path 
produced by the primary coil as shown in Fig. 11 (A), but 
such a material may still serve for applications that allow 
some transmission loss (transfer loss) by keeping the 
width of the insulating substance 1 02 to the utmost min- 
imum, as explained above. Accordingly, within the range 
of low-power transfer, it is advantageous to construct 
the insulating substance 1 02 and the secondary coil 1 05 
as a print substrate and sheet coil as shown in the plan 
view of Fig. 12. Fig. 1 3 is a side elevation view showing 
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U-shaped core and the rotating body with the secondary 
coil formed in a sheet coil. 

For applications that do not allow transmission loss 
due to magnetic flux leakage, the peripheral part of the 
rotating body 103 can be made of the same high-fre- 5 
quency magnetic material as is used for the U-shaped 
core 101. This is realized by arranging a ring-shaped 
core 111 around the periphery of the rotating body 103 
so as to form a part of the magnetic path, as shown in 
Fig. 11 (B). io 

However, since both of the cases illustrated in Fig. 
1 1 (A) and (B) assume noncontacting power transfer, the 
existence of an air gap, however small or large, gives 
rise to leakage of magnetic flux, and it is therefore nec- 
essary to in some way arrange the structure to reduce '5 
this gap to the minimum. 

In whatever case, in contrast to the contact-type 
transfer, power transfer by the above-described power 
supply method is superior because it is effected contin- 
uously in analogue wise, and because neither precise 20 
positioning nor fitting is necessary, and in addition, this 
method is advantageous in that the power transfer ap- 
paratus can stand up to severe conditions. For example, 
exposing the apparatus to cutting oil in the working en- 
vironment of a machine tool will scarcely impede the 2s 
power transfer. Further, despite the concern that adhe- 
sion of cut metal chips to the magnetic cores or air gap 
will cause transmission loss due to eddy currents, in ac- 
tuality, because of the high excitation frequency and the 
alternating polarity, even adhesion by magnetic chips so 
will not occur as long as residual magnetic flux is not 
large. Even should adhesion occur for some other rea- 
son, cutting oil may be used effectively to wash away 
the offending material. 

According to the present embodiment, noncontact- 35 
ing power supply can be effected by merely arranging 
the secondary coil in the peripheral part without altering 
the structure of the rotating body itself. Further, an ap- 
paratus is realized that allows not only rotation but sep- 
aration and joining, and which can operate in severe *o 
conditions wherein the apparatus is subjected to fouling 
by cutting oil and metal chips present in the working en- 
vironment of a machine tool. 

As a result, improved machining functions on an al- 
ready existing multiple-rotation body (such as a round 45 
table) can be readily achieved. Such an apparatus is 
useful in, for example, realizing automatic establish- 
ment of an additional servo axis on a cutting work pallet 
and automatic exchange of work tools and heads in ma- 
chine tool work, thereby contributing to the acceleration so 
of automatization of manufacturing applications for lim- 
ited-quantity large-variety production. 

In regard to the frequently cited noncontacting pow- 
er transfer apparatus of the following embodiments, 
simple explanations will be given of the technology of 55 
the prbr art. There are cases using a pot-core as in Fig. 
14, or a rotary-machine type core as in Fig. 15. In the 
case of a pot-core, a pot-core 1 40 on which is wound a 



primary coil 141 is made to confront a pot-core 140 on 
which is wound the secondary coil 142 with a gap ther- 
ebetween, and power is transmitted by means of elec- 
tromagnetic induction. Both of these pot-cores are of a 
high-frequency magnetic substance. Because this type 
is of flat-form structure, when provided within a motor or 
reduction arrangement, the design of the apparatus is 
little influenced by the enlargement of the form in the 
direction of the rotation axis, but as shown in Fig. 1 4 (B), 
the magnetic path is in the direction of the rotation axis, 
meaning that the magnetic flux that passes through the 
core tends to be limited by the upper limit of the magnetic 
flux density in the core material (the saturation charac- 
teristic). In another rotary-machine type core having a 
coaxial form in which another core is inserted inside the 
cylindrical core 150 (refer to Fig. 15 A) in the same rela- 
tion as the rotor and stator of a rotary machine, the mag- 
netic path becomes perpendicular to the direction of the 
rotation axis, as shown in (B) of the same figure, with 
the result that the dimension of the axial direction of a 
motor or reduction arrangement incorporating this type 
of the core may increase, but with the advantage that, 
similar to normal motors, the magnetic flux per unit vol- 
ume can be increased and a higher overall power rate 
(transmission power per unit volume) can be obtained. 
However, this type also requires that the electrical angle 
of one of the cores be skewed as shown in Fig. 1 5A in 
order that the magnetic path length does not change de- 
pending on the rotation angle. In the same figure, a skew 
has been applied to the inserted core. 

All of these apparatus are split-type high-frequency 
transformers in which the primary coils 141 , 151 (static 
side) of the split-type high-frequency transformer Tr are 
excited by means of high-frequency (sine wave or rec- 
tangular wave) inverter, and high-frequency voltage is 
produced by electromagnetic induction in the secondary 
coils 1 42, 1 52 (rotatable unit) that oppose across a slight 
distance. Here, the distance between the primary and 
secondary cores of the split-type high-frequency trans- 
former Tr is made as small as possible to reduce the 
power loss due to the interposing air gap. 

Further, although the primary and secondary cores 
may rotate relatively around the same axis, because 
there is no actual disturbance in the distribution of the 
magnetic field when the equivalent electrical frequency 
is below the above-described high-frequency excitation 
frequency, no time variation will occur in power transfer 
characteristic during rotation or stopping. 

Fig. 1 6 shows the construction of an other embod- 
iment of the present invention, which is an example in- 
corporating a power coupler and a signal coupler within 
the case of a main shaft servomotor (or more widely, 
electric motors in general). Fig. 17 is a figure showing 
the ways of lead-out of the signal lead-out and the power 
lead-out from the end of the shaft, Figs. 17A and 17B 
showing lead-out through a hollow hole and lead-out 
through a groove, respectively. 

In the same figure, within the case of the motor 
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made up of a stator 223 and rotor 224, a primary core 
221 which is a high-frequency electromagnetic induc- 
tion core is arranged near the bearing on the static side, 
and a secondary core 222 is provided on the rotation 
shaft 220 opposing the primary core across a gap, and 
the primary and secondary cores form the previously de- 
scribed split-type high-frequency transformer. The coil 
of the primary core 221 , similarly to the stator 223 of the 
torque (motive power) generator part (TGP), is excited 
through the power line, and the coil output of the sec- 
ondary core, by way of the lead-out 229 that passes 
through a groove 231 in the rotation shaft 220 or a hollow 
portion hole 230, is led out to the tip of the rotation shaft 
(refer to Fig. 17). In the opposite side of the load with 
respect to the power transfer part (PTP) and torque gen- 
erator part (taken together as the power transmission 
section), an information transfer section (ITS) is ar- 
ranged through the bearings. Parts 225, 226 make up 
either optical or high-frequency electromagnetic induc- 
tion communication couplers for signal transfer, one 
side being provided on the static side, the other being 
provided on the rotating shaft side, either side being the 
transmission side or the reception side as the case de- 
mands. The signal communication of the electric load 
provided at the shaft tip are achieved by the signal lead- 
out 228 that passes though a groove 231 in the rotating 
shaft or a hollow portion 230 (See Fig. 17). In Fig. 16, 
signal couplers 225, 226 are provided in a plurality of 
pairs, but in this case, each of the pairs must be shielded 
in order that they not be influenced by leakage of optical 
signals or electromagnetic induction signals from other 
pairs. Such shielding is not important, however, in a 
case in which peak wavelengths in the response spec- 
trum of a plurality of optical couplers used differ greatly 
for each coupler. The power source of a sensor (for ex- 
ample, an encoder for position detection) 227 for a mo- 
tor of the prior art that is built into the motor may also be 
used for the power supply of the above-described signal 
coupler, and in addition, the signal processing such as 
wave-form shaping of the coupler output may also be 
carried out in the signal processer for the sensor of the 
prior art. 

Figs. 1 8 and 1 9 show another embodiments accord- 
ing to a similar concept in which a power transfer part 
and signal transfer part are incorporated within the case 
of a reduction arrangement, Fig. 18 showing a case in 
which the input shaft and output shaft are not coaxial, 
and Fig. 19 showing a case in which these shafts are 
arranged coaxially. Regarding Fig. 18, the rotation of 
motor 247 is reduced and transferred to output shaft 242 
by way of gear train 241 provided within the casing. The 
output shaft 242 is supported at both ends by the bear- 
ings on both sides of the casing of the reduction arrange- 
ment, and between the bearings is attached the second- 
ary core 244 of the split-type high-frequency transformer 
and the receiving section 246 of the signal coupler, the 
lead-outs 248, 249 being led to the electric load provided 
at the output shaft end by way of a groove or a hollow 



portion in the output shaft 242. On the inner face of the 
case, the primary core 243 of the split-type high-fre- 
quency transformer and the transmission section 245 of 
the signal coupler are provided in positions opposing 

5 across a gap the secondary core 244 and receiving sec- 
tion 246, respectively, on the output shaft side. Regard- 
ing Fig. 1 9, the only points of difference from Fig. 1 8 are 
that the input and output shafts are arranged coaxially 
and that harmonic gear (precession gear) 252 are used 

io for the reduction stage. In either case, the operation is 
similar to the case in which the components are incor- 
porated into a motor, the power transfer part and the 
signal transfer part are attached to the output shaft, and 
the wirings 258, 259 for these parts are led out to the 

is electric load provided at the shaft end through a groove 
or a hollow portion in the output shaft (See Fig. 17). 
Moreover, the order o1 positions on the shaft of the pow- 
er transfer part and the signal transfer part may be in- 
terchanged. 

20 Next will be explained, referring to Fig. 20, the meth- 
od of transmitting power and signals to an electric load 
installed at a rotating output shaft tip to drive the load 
using a motor or reduction arrangement unit constructed 
in such a manner that allows transmission of the power 

2S and signals to the output shaft tip, as described above. 
In a case in which the electrical load is a light-gen- 
erating or heat-generating load, because either case is 
of an effective value load, the high-frequency voltage 
received at the shaft end lead-out may be applied as is 

30 to the load. The shaft end lead-out voltage may also be 
applied as is when driving a high-frequency motor. How- 
ever, in the case of general motor loads, in order to drive 
in a DC or low frequency range, a high-frequency recti- 
fication circuit 263 (made up of a diode and an LC filter) 

35 must be mounted ahead of the shaft tip to convert to DC 
or low frequency voltage (embodiment 11 ). This DC volt- 
age is then used to (1 ) voltage-control the DC motor 264, 
and (2) control the load 266 through a bridge 265 of pow- 
er switch elements such as transistors. 

40 in this way, any of DC motor, a synchronous motor, 
or an induction motor can be controlled at a position be- 
yond the rotating shaft end. It is not necessary, however, 
to mount all components of a servo-controller of the prior 
art at the shaft end. This is because, as described 

45 above, transmission of a signal (for input and output) 
can be effected between the static side of a motor or 
reduction arrangement and the output shaft end by 
means of noncontacting transfer, and if, for example, the 
position information and speed information obtained at 

so a sensor mounted on a motor attached beyond the shaft 
end is returned to the static side by means of this trans- 
fer channel and torque command information is sent 
from the static side to the shaft end side by means of 
another signal transfer channel, position and speed con- 

ss trol for the motor control can he carried out at the static 
part and torque control can be carried out at the position 
beyond the shaft end. In this way, a method can be em- 
ployed that enables reduction of the weight and physical 
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size of controller parts attached at positions beyond the 
end of a shaft end. 

The power source for a controller part or detector 
arranged beyond the shaft end is supplied with the 
transmitted power after the above-described rectifica- 5 
tion following stabilization by passing through an auto- 
matic voltage regulator (AVR) 273, as shown in Fig. 21 . 

The above description focuses on a case in which 
work is performed by mounting an electric load beyond 
the shaft end and using transmitted power. The present 10 
invention, however, is also effective in an application 
limited to applying a low electric power (or in some cas- 
es, applying no electric power) to the device disposed 
beyond the shaft end to operate a sensor, and transmit- 
ting its signal to the static part. In this case, the previ- is 
ously described power transfer part can be extremely 
small (or nonexistent). 

Further, although the high-frequency induction 
power transfer of Fig. 16, Fig. 18 and Fig. 19 is carried 
out in single phase, the power transfer may also effec- 
lively be made in polyphase for one or a combination of 
the following reasons: 1) to increase transmitted power, 
2) direct control of a high-frequency motor or stepping 
motor, 3) to reduce the burden on a rectification circuit. 

The above-described power and signal transfer el- 2S 
ements can be integrated by incorporation within a mo- 
tor or reduction arrangement, thereby 

1 ) suppressing the generation of output shaft rota- 
tional vibration by incorporating the rotating part of 30 
the element (particularly the heavy power transfer 
part) between the bearings; 

2) facilitating control of the gap in the noncontacting 
power transfer part and control of the ambience of 
the gap (preventing fouling by dust and the like); 35 

3) in particular for a signal transfer part using optical 
coupling, controlling the ambience in the same 
manner as for an optical encoder of the prior art; and 

4) rationalizing the structure by, when incorporating 
into a motor, combining the motor torque generator *o 
part of the prior art with the above-described power 
transfer part en bloc as the power transmitter sec- 
tion, and controlling the ambience by combining the 
sensors such as optical encoders in the prior art mo- 
tor and the above-described signal transfer part en 4$ 
bloc. 

The embodiments include all applications, not only 
to the field of precision motor control such as a knucle 
in each axis of the previously described robot arms or so 
machine tools (particularly for the drive at the tip of a 
main shaft), but also to the wide range of fields that re- 
quire power supply and information transfer through a 
rotating part and that have hitherto required wiring and 
slip rings giving rise to the problems of fatigue and wear. 55 

The present invention enables power transfer and 
signal transfer through a rotating part which were not 
feasible in the prior art, and moreover, by incorporating 
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the noncontacting transfer part into a motor or reduction 
arrangement (particularly when incorporating with a mo- 
tor), treating the torque generator part and the power 
transfer part together as a power transmission section, 
and treating the sensors and signal transfer part togeth- 
er as the information transmission section, the invention 
both allows stabilization of the structure of the rotating 
part and enables the control of the gap and ambience 
by isolating these transmission sections from the out- 
side ambience. 

Further, passing wiring for power transmission and 
signal transmission through a groove or hollow portion 
of the output shaft allows disposition of wiring that does 
not affect the transmission of motive power, and in ad- 
dition, the grounding of the output shaft through the 
bearings allows a potential shielding effect for the wiring, 
and the influence of noise released to the outside or re- 
ceived from the outside can be dramatically reduced. 

Further, because sensor information can be ob- 
tained from the shaft end by way of the signal transfer 
part, by using the present invention combined with the 
mechanical power transmission (for example, in Fig. 4) 
of the prior art, the present invention can be used to con- 
trol mechanical power transmission. 

By using a combination of a plurality of motors or 
reduction arrangement in which are incorporated power 
and signal transfer structures constructed in this man- 
ner, a mechanism (machine tool, robot) that enables 
easy attachment, detachment and exchange can be 
easily constructed without wiring . 

A main shaft end information transmitter according 
to the an other embodiment of the present invention will 
next be described. In this embodiment, the sensing and 
transmission of main shaft tip information is achieved by 
combining noncontacting power transfer using high-fre- 
quency electromagnetic induction with information 
transfer using the EIC coupler or optical coupler. 

Fig. 22 shows the fundamental structure of noncon- 
tacting power and information transmission according 
to the present embodiment. As shown in the figure, a 
power coupler 2B3 of split-type high-frequency trans- 
former Tr structure is either built into the main shaft unit 
or attached to the main shaft tip. On the left side of the 
figure are placed a high-frequency inverter 281 and an 
information receiving circuit 2B2. The power out putted 
from the high-frequency inverter 281 is transmitted to 
the rotatable unit by way of the power coupler 283, and 
after being rectified and stabilized by the rectification- 
smoothing circuit 286 and the stabilizing circuit 288, is 
supplied as power source to the sensor 289. The cou- 
pler drive circuit 287 is supplied with power from the out- 
put of the stabilization circuit 288 and drives the optical 
coupler 284 and electromagnetic induction communica- 
tion coupler (EIC coupler) 285 in response to sensor in- 
formation Sy fed from the detecting end (sensor) 289. 
The information receiving circuit 282 receives and proc- 
esses the outputs of the optical coupler 284 and the EIC 
coupler 2B5 (on the static side). Fig. 23 shows a high- 
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frequency transformer Tr construction incorporated 
within a main shaft unit in which power transfer is effect- 
ed by means of electromagnetic induction generated 
between high-frequency magnetic substances of pot- 
core type placed face to face. In this case, the secondary 5 
side pot-core 292 is fixed coaxially to the main shaft 290, 
and the main shaft 290 is driven by a main shaft motor 
297 by way of a timing belt 296. The primary side pot- 
core 291 is fixed to the main shaft motor 297. When the 
primary coil 293 is excited, induced power caused in the 10 
secondary coil 294 by way of the primary and secondary 
pot-cores is sent to the tip of the tool 298 via the sec- 
ondary coil lead 295. 

Fig. 24 shows a case in which a high-frequency 
transformer Tr construction of a power coupler is at- is 
tached to a main shaft tip, Fig. 24A being a schematic 
view showing the attached position, and Fig. 24B being 
a plan view showing the arrangement of the power cou- 
pler (the noncontacting power transfer apparatus) as 
viewed from the tool side. The power coupler is of the 20 
same form as the first embodiment, with the U-shaped 
core 301 fixed to the static part and the core ring 303 of 
a high-frequency magnetic substance fixed around the 
circumferential edge of the tip of the main shaft 209 co- 
axially with the main shaft 290 forming a magnetic circuit 2s 
together with U-shaped core 301 . 

In either construction, the primary coil 293 of Tr is 
fixed on the static side, is excited at a high frequency, 
and generates a high-frequency voltage corresponding 
to a turn ratio on the secondary side. The secondary so 
side, on which is arranged the secondary coil, is at- 
tached to the main shaft side and consequently rotates 
at a speed corresponding to the main shaft rotation 
speed relative to the primary side. Either of the cases 
shown in Fig. 28 and Fig. 29 uses a construction such 35 
that the gap width between the primary and secondary 
cores does not vary over one rotation of the main shaft. 
Here, if high-frequency excitation is effected at a high 
frequency equal to or greater than 1 0kHz, the frequency 
of the excitation is sufficiently high compared to the max- 40 
imum rotation frequency of the main shaft reduced to an 
electrical angle, whereby even should the main shaft ro- 
tate at high speed, no substantial disturbance will occur 
in the magnetic field distribution, and stable power trans- 
mission can be performed so far as no change is caused *s 
in the gap between the high-frequency magnetic cores 
of the primary and secondary coils. 

Because it is necessary that the power source for 
the sensor provides sufficiently stable voltage, the DC 
voltage obtained by rectification and smoothing of the so 
high-frequency voltage produced by secondary coil in- 
duction is supplied to the sensor after stabilized through 
a stabilizing circuit, as shown in Fig. 22. With this power 
source, the sensor detects the physical values at the ro- 
tating main shaft tip and generates sensor information, ss 
When the sensor information (signal) is a digital signal 
of a pulse train, it is amplified and supplied directly to 
the signal transfer circuit descrrbed below. As shown in 
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Fig. 25, when the sensor information is of an analog sig- 
nal, the analog signal is also converted to a pulse train 
signal by pulse width modulation (PWM) that modulates 
a saw-tooth wave carrier signal produced from the volt- 
age to be sent to the main shaft tip by way of the high- 
speed rotating part (in power coupler), i.e., the output 
voltage of the stabilizing circuit 288. In particular, when 
a detected analog signal varies with positive and nega- 
tive polarities, the saw-tooth wave must also be convert- 
ed to be bipolar. In such a case, in order to simplify the 
power circuit on the main shaft tip, a combination of the 
secondary coil and rectification circuit as shown in Fig. 
26 is used. The device shown in Fig. 25 is the device in 
which a PWM modulation circuit 31 1 is added to the de- 
vice of Fig. 22, and V+ and V- are voltages for generating 
saw-tooth waves that change between positive and neg- 
ative values (Refer to Fig. 26). PWM modulation circuit 
311 modulates the saw-tooth carrier signal by the ana- 
log sensor information Sy and generates a PWM mod- 
ulated wave S PWM . Fig. 26 is a block diagram of the rec- 
tification-stabilization circuit (corresponding to the recti- 
fication-smoothing circuit 286 and the stabilizing circuit 
288 of Fig. 25) for generating the positive and negative 
voltage necessary for generating a saw-tooth wave that 
changes with positive and negative polarities. 

In this circuit, the secondary coil of the split-type 
high-frequency transformer 321 that makes up the pow- 
er coupler has an intermediate tap, and this intermediate 
tap is connected to the ground potential of the rotatable 
unit. The output of the split-type high-frequency trans- 
former 321, after being rectified and smoothed by di- 
odes D v D 2 and capacitors C 1t C 2 , is stabilized by volt- 
age stabilizing regulators AVR1 , AVR2, AVR3, and out- 
putted by way of output capacitors C 3 , C 4> C 5 . Voltage 
Vt is used as the power source for sensor 289, and V + , 
V- are inputted to PWM modulation circuit 311 as de- 
scribed above. 

A sensor signal that has been converted to a pulse 
signal in this way is transferred without direct contact to 
the static side by high-frequency induction transfer or 
light pulse transfer beyond the high-speed rotating part 
by way of the central or exterior route of the above-de- 
scribed transformer Tr for power transmission. On the 
static side, light or high-frequency pulses are received 
and undergo digital-to-analog conversion as necessary. 
In particular, a PWM modulated signal can be demodu- 
lated to an analog signal by merely passing through a 
low-pass filter on the static side. 

When the sensor signals are generated in a plurality 
of channels, information transmission paths for each of 
the channels can be structured in a coaxial arrangement 
as shown in Fig. 27 (this is an example using optical 
couplers) or by attaching a microcomputer to the sec- 
ondary side, i.e., the main shaft tip, and sending data 
for the plurality of sensors by a single information trans- 
mission path in the form of serial data with designated 
channel numbers. Fig. 27 shows a three-channel optical 
coupler, Fig. 27A being a light-emitting part and Fig. 27B 
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being a light-receiving part. The light-emitters 331 , 332, 
333 are coaxialry arranged around the rotating axis 330 
with an optical shield 335 arranged between each emit- 
ter. As light-emitters 331 -333, any of the electric-to-light 
converters disclosed in the third, fifth, and seventh em- 
bodiments can be employed. The light-receiving ele- 
ments 336, 337, 338 are arranged so as to confront each 
of light-emitters 331, 332, 333, respectively, when the 
rotating shaft 330 is fitted in the bearing 339. 

The present embodiment enables the acquisition of 
information from the rotating main shaft or main shaft tip 
not possible by the prior art, thereby enabling the on- 
line monitoring of a state on the rotating main shaft as 
well as enabling closed loop control by feedback of the 
main shaft tip information in lieu of open loop control of 
the prior art. 

Fig. 28 shows an example of remote measurement 
of a tool tip dimensions of an inf eed tool 340 for variable- 
radius boring attached to a main shaft. As shown in the 
figure, a coaxial shaft 341 for motive power transfer ar- 
ranged coaxialry with the main shaft is passed through 
a hollow main shaft fixed within a main shaft unit 343 
and delivers from a distance the motive power of a ser- 
vomotor by way of a mechanism such as bevel gears 
342a, 342b, thereby directly moving a tool tip in a tool 
post 344 and changing the boring radius. In this exam- 
ple, however, the tool tip dimensioning is carried out by 
open loop control because in this construction, the tool 
tip is mechanically moved by the servomotor of the mo- 
tive power source by way of such a complicated struc- 
ture. As a result, tool tip dimensioning requires the work- 
er to stop the rotation of the main shaft for every process 
and check the dimension by measuring it with a scale. 
In contrast, by measuring tool tip dimensions with a lin- 
ear scale 345 at a part ahead of the main shaft and feed- 
ing back the measured values to the static part using 
the present invention, measurement of a remote tool tip 
dimension can be achieved while rotating the shaft, and 
consequently, change of boring radius can be effected 
in process by closed loop control. As shown in Fig. 28, 
the power sources for the signal processing and com- 
munication circuit 348 and for the linear scale 345 are 
supplied by rectification-smoothing circuit 347 by way of 
a pot -core power coupler. The communication circuit 
348 converts the output of the linear scale 345 to a pulse 
train and transmits it to the static part by way of the op- 
tical coupler 349 made up of light-emitting element 349a 
and light-receiving element 349b. 

In the same way, use of the present invention also 
enables on-line monitoring during operation of tools re- 
quired in 24-hour continuous processing in FMC (for ex- 
ample, prediction of tool breakage and confirmation of 
breakage based on acoustic emission information, tip 
temperature information and vibration information). 

Further, the invention allows easy feedback of 
measured information of a position beyond a spindle 
head (for example, the gap between a tool and a work- 
piece), as well as of the more basic sequence signals 



such as limit switch signals of an ATC collect chuck. For 
example, in a chucking apparatus mounted at a spindle 
head tip that is driven by a hydraulic cylinder, because 
actual chucking pressure varies with the increase in ro- 

5 tation speed of the spindle, it is desirable to effect on- 
line control by feedback of chucking pressure. On-line 
monitoring of chucking pressure is desired even when 
actual control is not intended. In such a case, monitoring 
can be achieved as shown in Fig. 29, in which a pressure 

io sensor (such as a device applying a piezoelectric ele- 
ment) 353 attached to a part where the workpiece 351 
contacts the chuck 342 is used to detect variation in the 
grasping power exerted on the workpiece, and this in- 
formation is sent to the static side by the data transmis- 

1S sion method of the present. The hydraulic actuator 345 
shown in the figure is driven by hydraulic pressure ap- 
plied from a rotating cylinder 355 by way of rotating cou- 
pler 356. Power supply for the signal processing circuit 
358 is effected by using rectification-smoothing circuit 

20 357 to rectify and stabilize a high-frequency voltage 
transmitted from the static part by way of a pot-core pow- 
er coupler 357a. The signal processing circuit 358 con- 
verts the output of pressure sensor 353 to a pulse train 
and transmits it to the static part by means of an optical 

25 coupler 359 made up of light emitting element 359a and 
light receiving element 359b. 

The present embodiment is not limited to the above- 
described periphery of a machine tool main shaft, but 
can also be generally applied effectively to the meas- 

30 urement of physical values on a rotation shaft of an elec- 
tric motor that has been beyond the capability of the prior 
art, and as a result, is useful in improving the capability 
of controlling motors, particularly servomotors. For ex- 
ample, direct detection of motor shaft vibration is essen- 

35 tial for improving the control characteristics of servomo- 
tors. For such detection, a strain gauge is adhered to 
suitable points on a motor rotation shaft, the analog out- 
put voltage of the bridge circuit is amplified, the PWM 
conversion is effected, and the occurrence of shaft vi- 

40 bration can be detected on line in the form of stress of 
the shaft by way of the rotating part using the construc- 
tion of the present embodiment. Measurement of rotor 
temperature necessary for vector control of an induction 
motor can also be achieved on line through the method 

45 of the present embodiment. 

Fig. 30 is a block diagram showing a separate-type 
control system for a servomotor of an other embodiment 
of the present invention. 

The present embodiment is composed of a static 

50 unit side servocontroller 361 constituting a static side, 
an autonomous motor unit 364 which is a separable mo- 
bile side and is a machine element for autonomous de- 
centralization, and a split-type high-frequency trans- 
former 362 and couplers 363, , 3632 that perform non- 
55 contacting power supply and signal transfer between 
these two sides. 

The static unit side servocontroller 361 is made up 
of a power source 361^ high-frequency power genera- 
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tor361 2 , position amplifier 361 3 , differentiator 361 4 , and 
speed amplifier 361 5 . The autonomous motor unit 364 
is made up of a rectification circuit 364!, a voltage sta- 
bilizing converter 3642, a P° wer switch 3643, a motor 
364 4> a sensor 364 5 , a current amplifier 364s, and a cur- s 
rent command generator 364-7. 

In the present embodiment, the motor 364 4 provid- 
ed on the separable mobile side can be either a direct 
current motor or an alternating current motor, and 
should be understood as a torque generator. 10 

The position signal S17 of the motor 364 4 is con- 
verted to an optical pulse or an electromagnetic pulse 
and fed back to the static side by noncontacting transfer 
by way of the coupler 3632. The position amplifier 361 3 
of the static unit side servocontroller 361 generates a *s 
speed command S v from a position signal S17 and a 
position command S11 received from an upstream ap- 
paratus. Speed amplifier 361 s generates a torque com- 
mand S13 from a speed signal S12 and speed com- 
mand S v . Speed signal S12 also controls the output of 20 
high-frequency power generator 361 2 . Torque com- 
mand SI 3 is transmitted to the autonomous motor unit 
by noncontacting transfer by the coupler 363 v 

The transmission of power for driving the motor 
364 4 is performed through high-frequency electromag- 2s 
netic induction using the split-type high-frequency trans- 
former 362. The output of the direct current power 
source 361 1 is converted to high-frequency rectangular 
waves by high-frequency power generator 361 2 , sup- 
plied to the primary coil of the split-type high-frequency 30 
transformer 362, and the secondary output of the split- 
type high-frequency transformer 362 is supplied to the 
autonomous motor unit 364. This high-frequency power 
is rectified by the rectification circuit 364! provided in the 
autonomous motor unit 364 and made up of a filter and 35 
bridged diode, following which it is supplied to voltage 
stabilizing converter 3642 and power switch 3643, and 
makes motor driving power after passing through power 
switch 3643. The voltage stabilizing converter 3642 sta_ 
bilizes the supply voltage from the rectification circuit ^ 
364., , following which the power is supplied to the cur- 
rent amplifier 36 4 6 as power source S16. 

The information is transferred as pulses as de- 
scribed above in order that data will not vary due to var- 
iations in the gap of the high-frequency electromagnetic 45 
induction coupler, since the optical coupler or high-fre- 
quency electromagnetic induction communication cou- 
pler is integrated with the spliMype high-frequency 
transformer 362 for power transmission as couplers 
363,, 3632, and torque command S13 is transmitted so 
through coupler 3632 after being converted to pulses by 
an analog-digital converter (not shown) by V-F conver- 
sion or PWM modulation. 

In the autonomous motor unit 364, this command 
pulse is converted to an analog torque command S13 55 
by a digital-analog converter (not shown). The current 
command generator 364y produces a current command 
S14 from the torque command S13 and a phase signal 



S15 of the motor 364 4 supplied from the sensor 364s, 
and outputs the current command S14 to the current 
amplifier 364c. If the motor is a direct current motor, the 
torque command S1 3 is used as current command S14 
as is, and thus current command generator 3647 is un- 
necessary. 

The proportional or proportional -plus-integral con- 
trol current amplifier 364 6 that controls the power supply 
for the motor 364 4 performs amplification depending on 
the difference between current command S14 and the 
detected current value, performs PWM modulation, and 
outputs to the power switch 3643. This output serves as 
an input signal for the preceding -stage amplifier for base 
(or gate) drive of the power switch 364g made up of a 
power transistor, MOSFET, or IGBT. The power switch 
3643 converts the direct current main power supply fed 
from the above-described rectification circuit 364! in re- 
sponse to the base drive signal fed from current ampli- 
fier 364 6 and supplies PWM voltage to the motor 364 4 
such that the torque command S1 3 and the torque feed- 
back (current feedback) coincide. 

The embodiment as described above meets the 
trend during recent years towards miniaturization of 
power switches and integration with peripheral circuits, 
and provides a method of control in which only the part 
(current control circuit) of the control unit that is peculiar 
to a motor type and a power switch are mounted on a 
portion (for example, a pallet or a rotating body) that is 
removable separately together with the motor and these 
are treated together as a single unit that generates 
torque, and the servocontroller on the static side effects 
control independent of the motor type. As a result, of the 
controls necessary for controlling a motor such as posi- 
tion control, speed control, and current control, those 
components that perform control universal and unaffect- 
ed by motor type, i.e., the position loop for position con- 
trol and the speed loop for speed control, are separated 
from those components that are peculiar to a motor type, 
i.e., the current loop for current control. As a result, the 
. position and speed controllers and the power source 
control circuit are provided in the static side servocon- 
troller (static unit side servocontroller), and in the auton- 
omous motor unit, only the current loop peculiar to the 
mounted motor and the power switch are provided. In 
this way, control of a motor mounted on a removable 
element such as the above-mentioned pallet and rotat- 
ing bodies is enabled, and in addition, the physical size 
of separately removable parts can be reduced. Further- 
more, as shown in Fig. 31, autonomous motor units 
370 r 3703, on which are mounted direct current motor 
371, induction motor 372 and synchronous motor 373, 
respectively, can be separately driven by a single static 
side servocontroller 361 . 

Fig. 32A and 32B are each perspective views show- 
ing concrete constructions of the split-type high-fre- 
quency transformer 362 of Fig. 31 , and Fig. 33 is a view 
illustrating the high-frequency excitation performed in 
the present embodiment. 
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The'power that drives the motor 364 4 is converted 
to a high-frequency form by transistor switches 391 
which make up the high-frequency power generator 
361 2 within the static side servocontroller 361, passes 
through split-type transformer 362 and is transferred to s 
the autonomous motor unit 364 through high-frequency 
electromagnetic induction. In the device shown in Fig. 
32 A, voltage transformation is performed according to 
the turn ratio of coils 381,, 381 2 wound onto E-shaped 
cores 382! , 382 2 , respectively. In the device shown in 10 
Fig. 37B, the transformation occurs according to the 
turns ratio of the coils 383,, 3832 wound onto pot-cores 
384 n ,384 2 . 

High-frequency power is rectified by rectification cir- 
cuit 364, within autonomous motor unit 364, and is con- is 
verted to motor driving power after passing through 
power switch 3643. The primary side of split-type high- 
frequency transformer 362 undergoes high-frequency 
excitation by a rectangular wave (or sine wave) inverter 
within static side servocontroller 361. As a result, the 20 
rectangular wave (or sine wave) voltage occurs on the 
secondary side according to the turn ratio of the primary 
and secondary coils, and undergoes full-wave rectica- 
tion by the rectification circuit 364! made up of a high- 
frequency diode bridge 392 and an LC filter that is in 2s 
turn made up of a reactor L and a smoothing capacitor 
C, the voltage thereby serving as a direct-current main 
power supply for motor drive. Further, the control volt- 
age supply S16 for the communication and control cir- 
cuits of the autonomous motor unit 364 is obtained 
through voltage stabilization by the voltage stabilizing 
converter 3642 is a voltage regulator within the au- 
tonomous motor unit 364. 

Particularly, when the power source on the power- 
receiving side must be stabilized, a detected voltage is 35 
fed back without direct contact in the same way as the 
above-mentioned position data. Based on this voltage 
feedback and speed feedback information, stabilization 
is performed by effecting control through amplitude 
modulation or pulse width modulation in the static side *o 
servocontroller 361 . 

In this way, motor control system that is both sepa- 
rate-typed and characterized by superior torque control- 
lability can be realized. This system can be adapted for 
motor control by way of a. rotating body as well as for 45 
separate-type control. However, in the former case, be- 
cause power supply and signal transmission must both 
be performed coaxially with the rotation axis, some mod- 
ifications are necessary. Power supply can be per- 
formed by using a pot-core-type split-core transformer 50 
shown in Fig. 37 B. Signal transfer must be performed 
by an optical pulse communication system or a high-fre- 
quency electromagnetic induction communication sys- 
tem arranged coaxially with the pot-core of the split -core 
transformer. ss 

As shown in Fig. 34, signal transfer by optical pulse 
can be performed through a hollow rotating shaft using 
a plurality of optical couplers having various light-emit- 



ting and light-sensing wavelength characteristics. 

Within the interior of rotating shaft 402 rotatably se- 
cured by ball bearings 403, , 4032 in a static base, optical 
elements 404 1 -404 4 and 405,-4054, which are light- 
emitting elements or light-receiving elements, are pro- 
vided in an opposing relationship to form optical cou- 
plers. The optical elements 404 1 -404 4 and 405,-4054 
that make up optical couplers are selected so that the 
peaks of light-emitting wavelengths and light-receiving 
wavelengths of the optical couplers differ from those of 
each other optical couplers so as to prevent interference 
of the transmission signals. 

As shown in Fig. 35A, in another example using op- 
tical pulses, light-emitting and light-receiving elements 
are coaxially arranged with shielding to prevent influ- 
ence. In this case, the light-emitting wavelengths and 
light-receiving wavelengths for the plurality of optical 
couplers can be the same. 

Fig. 35A shows the composition of the rotating unit 
side, in which light-guiding members 412 n -412 3 are 
formed in cylindrical shape coaxial with the rotation axis 
411 having radii different from each other member, and 
the outer circumference of each of the light-guiding 
members 412 1 -412 3 is covered with a light-shielding 
member. In the static side shown in Fig. 35B, light-guid- 
ing members 414 1 -414 3 constituting optical couplers 
are embeded in light-shielding materials 416,-416 3 
formed in the same shape as light-guiding members 
41 2., -41 2 3 around the circumference of the bearing 41 5. 
Light beams that passes through the light-guiding mem- 
bers that make up one component of the optical coupler 
propagates to the opposing light-guiding members pro- 
vided in the other component without influencing each 
other beam by virtue of light-shielding members 413^ 
4135 and light-shielding material 416,-416 3 . 

Signal transfer by optical pulses is effected by 
means of these light-guiding members, and light-guid- 
ing members can be constructed with light-emitting el- 
ement and light receiving elements. 

Signal transfer by high frequency electromagnetic 
induction is preferably used in a case in which a wors- 
ening ambience deteriorates the reliability of optical 
pulse communication, and in the same way as the opti- 
cal pulse transmission method shown in Fig. 34 and Fig. 
35, either a method in which the split cores are arranged 
coaxially in a radial direction or a method in which they 
are arranged in the axial direction is possible. 

It is possible that each of the above-described split- 
core high-frequency transformers and each coupler are 
formed as an integrated unit, and control of an autono- 
mous motor unit by way of a rotating body can be easily 
realized by arranging on the same shaft the coupler 
shown in Fig. 35A and 35B and the split-core high-fre- 
quency transformers of pot-core configuration 384! , 
3842 shown in Fig. 32B. 

Fig. 36 is a block diagram showing a noncontacting 
power transmission system according to an other em- 
bodiment of the present invention. 
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In the present embodiment, power supply as well 
as torque control is performed both for a first autono- 
mous motor unit 422 and a second autonomous motor 
unit 423 by a single static side servocontroller 421. Be- 
cause the control circuit of the servocontroller 421 on 5 
the static side and the constitution of the first autono- 
mous motor unit 422 and the second autonomous motor 
unit 423 are the same as are shown in Fig. 30, only the 
principal parts and operation will be here explained. 

The high-frequency power to be supplied from the 10 
static side servocontroller 421 is sent to the first auton- 
omous motor unit 422 by way of a first split-core high- 
frequency transformer 424, and to the second autono- 
mous motor unit 423 by way of a second split-core high- 
frequency transformer 425. To perform control, couplers 15 
426 r 426 4 are provided between the static side servo- 
controller 421 and the first autonomous motor unit 422, 
and couplers 427-,-427 2 are provided between the first 
autonomous motor unit 422 and the second autono- 
mous motor unit 423. Transmission and reception of 20 
torque commands and feedback information for the first 
autonomous motor unit 422 is carried out by couplers 
426 n , 426 2 , and for the second autonomous motor unit 
423, transmission and reception of torque commands 
and feedback information is carried out by couplers 25 
426 3 , 426 4 , 427 n ,427 2 . 

As described above, because power supply and 
torque control for an autonomous motor unit are effected 
by way of another autonomous motor unit in this embod- 
iment, the transmission system enables effective driving 30 
and removing a device such as a multi-articulated robot 
in which the autonomous motor units are combined se- 
rially in multiple stages. Similarly it is also possible that 
an autonomous motor unit drives a movable member 
coupled to the autonomous motor unit. 35 

Furthermore, in autonomous motor units not inter- 
combined in multiple stages and provided in paralle, it 
is of course possible to perform contort not by way of an 
autonomous motor unit but directly by the static side ser- 
vocontroller. 40 

The novel separate-type motor control method ac- 
cording to the present invention as shown in each of the 
above-explained embodiments enables realizing de- 
centralization of autonomous units through the motor 
drivability of functional elements represented by 45 
processing machine ATC tools, and robot end effectors; 
and positioning and jig automatizations on pallets which 
could not be achieved with a high degree of reliability 
with a mechanical framework or electrical framework of 
connection and disconnection of connectors with elec- so 
trodes, thereby enabling comprehensive automatization 
of a control system. 

Control in the form of controlling a motor on a rotat- 
ing body that performs multiple rotations (for example, 
the motorization of a lathe head chucking member or 55 
linear drive by motor on a tool post installed at the shaft 
end of a machine tool) is also possible. 

Furthermore, as described above, by appropriately 



dividing the controller into a static side and a motor side 
(machine-mounted side), the physical size of a sepa- 
rately removable part can be reduced, and any autono- 
mous functional unit with a direct current motor, induc- 
tion motor, or synchronous motor can be remotely driven 
by a single static side servocontroller. 

The apparatus according to the above embodi- 
ments (Fig. 30,36) transfer power by means of high-fre- 
quency electromagnetic induction using a split-core 
transformer and perform transmission of torque com- 
mands in the form of optical transmission or high-fre- 
quency electromagnetic induction transmission, and 
consequently can stand up to severe conditions such as 
subjection to water or oil, do not give rise to sparks or 
electrode damage, and feature the capability to be phys- 
ically split or separated on hot lines. This is a device that 
can meet the recently growing demand for autonomous 
machine elements with mounted motors or for motor 
control on a rotating body. 

The present invention also provides a power source 
controller having wide interchangeabiiity, because di- 
rect current motors, induction motors, and synchronous 
motors can be treated collectively as torque generators 
regardless of motor type. 

By using these embodiments, the above-described 
effects can be attained in the following specific cases to 
effect unprecedented improvements and a technologi- 
cal breakthrough in the field. 

1 ) Motor control of position indexing for a workpiece 
on a pallet. 

2) Wireless drive for power and signals for each axis 
of motor actuators of a multiarticulated robot. 

3) Wireless tool drive in an automatic tool exchange 
of a machine tool (machining center). 

4) Control of motor actuators attached to the main 
shaft tip of a machine tool involving multiple rotation 
(for example, motorization of a chucking member at 
a lathe head or a tool post on a main shaft). 

5) Control particularly when torque controllability is 
required for the motor, and moreover, when the pal- 
let on which the motor is mounted must itself be able 
to move autonomously, for example, control when 
the motor is used for centering and clamping of a 
workpiece on a work pallet. 

6) Control-signal transmission and power supply to 
various electric loads including motors in chambers 
isolated by transparent material such as glass or by 
nonmagnetic metals, such as in a cleanroom. 

7) Control signal transmission and power supply to 
various electric loads including motors under con- 
ditions such as a vacuum or underwater, in which 
power supply through eelctrode contact is impossi- 
ble. 

In particular, of the above applications, in uses in 
which a motor is employed as a torque generator such 
as in chucking or centering and clamping the present 
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invention can be effectively used without alteration, be- 
cause ail motors are understood in the present invention 
to be essentially torque generators and the separate- 
type control is exercised. 

Because the above embodiments (Fig. 35,36) are 5 
constructed as explained above, they exhibit the follow- 
ing effects: 

The embodiments have the effect of enabling min- 
iaturization of an autonomous motor unit that is remov- 
able, increasing the capacity to realize remotely control- io 
led motors, as well as of increasing the range of use. 
The present invention has the further effect that, be- 
cause the construction of the static side servocontroller 
that controls an autonomous motor unit is unaffected by 
the motor type, the same static side servocontroller can 1$ 
be used for any type of motor, and the types of the static 
side servocontrollers can be minimized, thereby ena- 
bling more efficient construction. The present invention 
also has the effect that the separately controlled motors 
can stand up to severe conditions such as subjection to 
water or oil, do not give rise to sparks or electrode dam- 
age, and feature the capability of being physically sep- 
arated and not connected on hot lines. 

Furthermore, the present invention, by taking ad- 
vantage of the fact that the state of electromagnetic in- 25 
duction coupling between the coils is virtually unaffected 
by a degree of variation in the relative positions of the 
static unit and movable unit during power supply, pro- 
vides the effect of allowing a stable power supply in uses 
in which power supply by conventional wiring cannot be 30 
used due to fatigue caused by the rapid short-stroke 
movement of the movable body in one-dimensional, 
two-dimensional, or three dimensional directions. 

35 

Claims 

1 . A noncontacting power transfer apparatus for a ma- 
chine apparatus wherein power is supplied without 
direct electric contact from a static unit to a rotatable 40 
unit of the machine apparatus, characterized by: 

a split-core made up of a first core (51) and a 
second core (53) secured to the static unit and 
the rotatable unit, respectively, that form a mag- 
netic circuit the magnetic path length of which 
does not vary by an arbitrary rotation of the sec- 
ond core (53) with respect to the first core (51 ); 
a first coil (54) connected to a high-frequency 
alternating power source provided in the static so 
unit for providing magnetomotive force to the 
magnetic circuit; and a second coil (55) con- 
nected to a power-receiving device secured to 
the rotatable unit, said second coil (55) being 
arranged to link with magnetic flux that passes 55 
through the magnetic circuit. 

2. The apparatus according to claim 1 wherein one 



(51 ) of the first core and second core is a high-fre- 
quency magnetic member having a U-shaped cross 
section in which two parallel extending leg parts 
(71) is directed perpendicular to the axis of the ro- 
tation of the rotatable unit, and the other core (53) 
is a high-frequency magnetic member of cylindrical 
shape arranged such that its centra! axis is coaxial 
with the axis of rotation, each end portion of the cy- 
lindrical core being received by a receiving hole (52) 
provided in each of the leg parts of the U-shaped 
core, the two cores being slidably rotatable relative 
to each other around said axis. 

3. The apparatus of claim 2 wherein the fitting surfac- 
es of said U-shaped core and said cylindrical core 
are taper formed, and wherein each leg part (71 ) of 
the U-shaped core has a slot (74) extending from 
the end of the leg part to the receiving hole (72) for 
attaching and removing the cylindrical core (73) to 
and from the receiving hole (72). 

4. The apparatus according to claim 3 wherein the first 
core is a cylindrical core (63), the second core is a 
U-shaped core (61 ), the second core (61 ) is loosely 
secured to the rotatable unit such that the second 
core (61 ), when magnetically excited, can fit closely 
against the first core (63), the first coil is wound on 
the first core, and the second coil (65) is wound ra- 
dially spaced from and covering the first coil. 

5. The apparatus according to claim 3 wherein the first 
core (51 ) is a U-shaped core, the second core (53) 
is cylindrical core, and the first and second coils (54, 
55) are wound on the first and second cores, re- 
spectively. 

6. The noncontacting power transfer apparatus ac- 
cording to claim 5 for supplying power to a pallet on 
which is mounted a servo motor axis of a machine 
tool to be added, wherein the first core (91) is fixed 
to a static unit adjacent to the axis of rotation of a 
rotating table (82) on which the pallet (83) is mount- 
ed, and the second core (93) is fixed to the pallet 
(83) coaxial with the axis of rotation of the pallet 
(83). 

7. A non-contacting rotary transformer for transfer of 
power or transmission of signals between first and 
second members arranged for relative rotary move- 
ment, comprising a first coil (54; 65; 104) carried by 
a first (51 ; 63; 101 ) of said members and a second 
coil (55; -; 105) carried by a second (53; 63; 103) 
of said members, and comprising core means (51 , 
53; 61,63; 101; 101 , 111) forming part of a magnetic 
path extending through the first and second coils 
and being not influenced by the angular relative po- 
sition of said two members, the first of said two 
members being made from high-frequency magnet- 
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ic material and forming part of said core means and 
having legs being perpendicular to the axis of rota- 
tion of said second member and the second of said 
two members being of cylindrical shape, character- 
ized in that said first member (51 ; 61 ; 101 ) is of U- 5 
shaped geometry and in that the two parallel ex- 
tending legs of said member freely grip over a por- 
tion (93; 102) of said second member such that join- 
ing of said two members may be obtained by rela- 
tive linear movement thereof in a direction being to 
perpendicular to the axis of relative rotary move- 
ment. 

8. The rotary transformer in accordance with claim 7, 
characterized in that the two parallel legs (71) of is 
said first member (51 ; 61 ) are each provided with a 
laterally open slot (74) receiving an end portion of 
said second member (53; 63) and in that the second 
member (53; 63) is also made from high-frequency 
magnetic material. 20 

9. The rotary transformer in accordance with claim 8, 
characterized in that the opposing surfaces of the 
slots (74) of the legs (71 ) of the U-shaped first mem- 
ber (51 ; 61 ) and of the cylindrical second member 25 
(53; 63) are tapered and conical, respectively. 

10. The rotary transformer in accordance with claim 9, 
characterized in that the U-shaped first member 
(61) and the cylindrical second member (61) are so 
loosely interconnected such that upon magnetical 
excitation the two members can closely fit, the first 
coil (54; -) and the second coil (55; 65) being wound 
such that they are radially spaced but cover the 
same axial region. 55 

11. The rotary transformer as in one of claims 8-10, 
characterized in that the second coil (-) is arranged 
on said cylindrical second member (63), while the 
first coil (65) is mould-formed so as to slidingly fit *o 
onto the surface of said second member (63). 

12. The rotary transformer in accordance with claim 7, 
characterized in that the two legs of said core form- 
ing U-shaped first member (101) grip over a periph- 45 
era! portion (303) or a radially projecting flange por- 
tion (102) of said second member (103; 290), and 

in that the second coil (105; 294) is arranged in said 
peripheral or radel flange portion. 

so 

1 3. The rotary transformer in accordance with claim 1 2, 
characterized in that the second coil (1 05) is carried 
by a non magnetic portion (102) of said second 
member (103). 

55 

14. The rotary transformer in accordance with claim 1 2, 
characterized in that the second coil (1 05) is carried 
by a portion (11 1) of said cylindrical member made 



from high-frequency magnetic material. 

1 5. Use of the noncontacting rotary transformer accord- 
ing to claim 7 in a machine apparatus. 

16. Use in a machine apparatus according to claim 15 
wherein the machine apparatus is made up of a 
static unit and a rotatable unit capable of rotation 
and removal, the rotatable unit having an autono- 
mous motor unit; wherein 

the autonomous motor unit is provided with at 
least: a motor; the components secured to the 
rotatable unit of the power transfer apparatus 
that receives power for driving the motor with- 
out direct electric contact; drive means that in- 
puts the power supplied through the power 
transfer apparatus and drive the motor; a cur- 
rent control unit for driving the drive means that 
is separated from a servocontroller for control- 
ling rotation of the motor; the components of a 
first signal transfer apparatus fixed to the rotat- 
able unit for receiving without direct electric 
contact torque commands to be supplied to the 
current control unit; detecting means for detect- 
ing operation information of the motor; the com- 
ponents of the second signal transfer appara- 
tus fixed to the rotatable unit for transmitting 
output signals of the detecting means without 
direct electric contact; 

and the static unit comprising at least: a high- 
frequency power source; components of the 
power transfer apparatus secured to the static 
unit for transmitting power of the high-frequen- 
cy power source to the autonomous motor unit 
without direct electric contact; components of 
the second signal transfer apparatus fixed to 
the rotatable unit for receiving the output of the 
detecting means of the autonomous motor unit 
without direct electric contact; a static unit side 
servocont roller, made up of a portion of the ser- 
vocontroller from which the current control unit 
is separated, for generating torque commands 
from both a command signal supplied from an 
upstream apparatus and received output of the 
detecting means; and the componenets of the 
first signal transfer apparatus fixed to the static 
unit for transmitting torque commands output- 
ted from the static unit side servocontroller to 
the autonomous motor unit without direct elec- 
tric contact 

17. Use in a machine apparatus according to claim 16 
wherein a speed amplifier and a position amplifier 
are provided in the static unit side servocontroller 
for generating a torque command to control the mo- 
tor from the position and speed of the motor indicat- 
ed by the content of detection effected by the de- 
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tecting means, and a current amplifier is provided 
in the autonomous motor unit for controlling the mo- 
tor in response to the torque command. 

18. Use in a machine apparatus according to claim 16 
wherein a speed amplifier and a position amplifier 
are provided in the static unit side servocontroller 
for generating a torque command from the position 
and speed of the motor indicated by the content of 
detection effected by the detecting means and from 
a command signal from an upstream apparatus; 
and 

in the current control unit are provided a cur- 
rent amplifier for controlling the motor in response 
to the current command, and a current command 
generator for generating a current command both 
from the torque command and from the phase of 
the motor indicated by the content of detection ef- 
fected by the detecting means. 

19. Use in a machine apparatus according to claim 15 
wherein are provided a plurality of autonomous mo- 
tor units combined in multiple stages that receive 
torque commands from a static unit side servocon- 
troller, the power supply from the static unit to each 
stage of the autonomous motor units, and commu- 
nication of data signals and control signals between 
the static unit side servocontroller and the current 
control unit of each stage are performed through a 
power transfer apparatus and signal transfer appa- 
ratus provided between the static unit and the first 
stage of the autonomous motor units and between 
the autonomous motor units in individual stages. 

20. Use in a machine apparatus according to one of 
claims 17 to claim 19 wherein the power transfer 
apparatus and the signal transfer apparatus are 
constructed in one integrated unit. 

21 . Use in a machine apparatus according to claim 1 6 
wherein the autonomous motor unit controllably 
drives a movable member installed in that autono- 
mous motor unit or controllably drives the mecha- 
nism of that autonomous motor unit itself. 

22. Use in a machine apparatus according to claim 16 
wherein the machine apparatus is a machine tool, 
a robot device, or attachments thereto. 



ially with the axis of rotation of the rotary apparatus. 

25. Use in an apparatus according to claim 24, wherein 
the rotary apparatus has an electric load installed 

5 at the end of its rotation shaft, and wiring from the 
second coil of the power transfer apparatus to the 
end of the rotation shaft, and the wiring from the 
component fixed to the rotatable unit of the signal 
transfer apparatus to the end of the rotation shaft 

10 are arranged in a groove provided on the outer cir- 
cumference of the rotation shaft in the direction of 
the shaft axis or within a hollow portion of a hollow 
rotation shaft. 

15 26. Use in an apparatus according to claim 25, wherein 
the rotaty apparatus is a motor; the second core of 
the power transfer apparatus is provided on the ro- 
tation shaft supported by bearings at both ends; the 
first core is provided secured to the static unit and 

20 confronting the second core across a gap; and the 
signal transfer apparatus is provided on the outer 
periphery of the rotation shaft and at an opposing 
position of the static unit. 

25 27. Use in an apparatus according to claim 25, wherein 
the rotary apparatus is a reduction arrangement, 
the second core of the power transfer apparatus is 
provided on the output shaft of the variable speed 
supported by bearings at both ends; the first core is 

30 provided secured to the static unit and confronting 
the second core across a gap; and the signal trans- 
fer apparatus according to claim 12 is provided on 
the outer periphery of the output shaft of the variable 
speed and at an opposing position of the static unit. 

35 

28. A method of controlling noncontacting power supply 
for a motor applicable to the machine apparatus as 
described in claim 16 wherein 

^o the static unit side servocontroller generates a 

torque command from both a command signal 
supplied from a prescribed upstream apparatus 
and the content of detection effected by the de- 
tecting means, and provides the torque com- 

45 mand to an autonomous motor unit, and 

the autonomous motor unit drives a motor in re- 
sponse to the torque command provided from 
the static unit side servocontroller. 



23. Use in a machine apparatus according to claim 21 , 
wherein the autonomous motor unit is constructed 
as a unit capable of removal from the machine ap- 
paratus. 

24. Use in a machine apparatus according to claim 1 5, 
wherein the machine apparatus includes a rotary 
apparatus, and the power transfer apparatus and 
the signal transfer apparatus are established coax- 



50 29. A method of controlling noncontacting power supply 
according to claim 28 wherein 



the static unit side servocontroller generates a 
torque command from both a command signal 
55 supplied from an upstream apparatus and a 

speed and a position of the motor indicated by 
the content of detection effected by the detect- 
ing means and provides the torque command 
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to an autonomous motor unit, and 
the autonomous motor unit drives a motor using 
the torque command provided from the servo- 
controller on the static unit side as a current 
command. 5 

30. A method of controlling noncontacting power supply 
for a motor according to claim 28 wherein 

the servocontroller on the static unit side gen- 10 
erates a torque command from both a com- 
mand signal inputted from an upstream appa- 
ratus and a speed and a position of the motor 
indicated by the content of detection effected 
by detecting means and provides the torque '5 
command to an autonomous motor unit, and 
the autonomous motor unit generates a current 
command both from a phase of the motor indi- 
cated by the content of detection effected by the 
detection means and from the torque command 20 
provided from the servocontroller on the static 
unit side, and drives a motor. 



Patentanspruche 25 

1. Kontakttose Leistungsubertragungsvorrichtung fur 
eine Maschineneinrichtung, wobei Leistung ohne 

. direkten elektrischen Kontakt von einer statischen 
Einheit auf eine drehbare Einheit der Maschinen- 30 
einrichtung ubertragen wird, gekennzeichnet durch 
einen gespaltenen Kern, deraus einem ersten Kem 
(51) und einem zweiten Kem (53) besteht, die an 
der statischen Einheit bzw. der drehbaren Einheit 
befestigt sind und eine magnetische Schattung bil- 35 
den, deren magnetische Weglange sich durch eine 
beliebige Rotation des zweiten Kerns (53) in bezug 
auf den ersten Kem (51) nicht verandert, 
eine erste Spule (54), die mit einer Hochfrequenz- 
Wechselstromquelle verbunden ist, und in der sta- 40 
tischen Einheit vorgesehen ist, um die magnetische 
Schaltung mit einer magnetomotorischen Kraft zu 
versehen, und eine zweite Spule (55), die mit einer 
Leistung empfangenden Vorrichtung verbunden ist 
und die an der drehbaren Einheit befestigt ist, wobei 45 
die zweite Spule (55) derart angeordnet ist, daB sie 
mit einem magnetischen FluB, der durch die ma- 
gnetische Schaltung tritt, in Verbindung stent 

2. Vorrichtung nach Anspruch 1, wobei ein Kem (51) so 
von dem ersten Kern und dem zweiten Kern ein 
Hochfrequenzmagnetelement ist, das einen U-for- 
migen Querschnitt hat, in dem die beiden sich par- 
allel erstreckenden Armteile (71) senkrecht zur Ro- 
tationsachse der drehbaren Einheit ausgerichtet ss 
sind, und der andere Kem (53) ein Hochfiequenz- 
magnetelement mit zylindrischer Form ist, das der- 
art angeordnet ist, daB seine zentrale Achse koaxiaJ 



zur Rotationsachse steht, wobei jeder Endbereich 
des zylindrischen Kerns von einem Aufnahmeloch 
(52) aufgenommen wird, das in jedem Armteil des 
U-fdrmigen Kerns vorgesehen ist, wobei die beiden 
Keme um besagte Achse in bezug auf einander glei- 
tend drehbar sind. 

3. Vorrichtung nach Anspruch 2, wobei die aufeinan- 
der passenden Flachen des U-formigen Kerns und 
des zylindrischen Kerns sich verjungend ausgebil- 
det sind und wobei jedes Armteil (71) des U-formi- 
gen Kerns einen Schlitz (74) auf weist, der sich vom 
Ende des Armteils zu dem Aufnahmeloch (72) er- 
streckt, um den zylindrischen Kem (73) in dem Auf- 
nahmeloch (72) anzubringen und aus diesem zu 
entfemen. 

4. Vorrichtung nach Anspruch 3, wobei der erste Kern 
ein zylindrischer Kern (63) ist, der zweite Kem ein 
U-formiger Kern (61), der zweite Kem (61) lose an 
der drehbaren Einheit befestigt ist, derart, daB der 
zweite Kem (61), wenn er magnetisch angeregt 
wird, sich eng an den ersten Kem (63) anlegen 
kann, die erste Spule auf den ersten Kem gewickelt 
ist und die zweite Spule (65) in radialem Abstand 
zu der ersten Spule gewickelt ist und diese abdeckt. 

5. Vorrichtung nach Anspruch 3, wobei der erste Kern 
(51) ein U-formiger Kem ist, der zweite Kem (53) 
ein zylindrischer Kem ist, und die erste und die 
zweite Spule (54,55) auf den ersten bzw. den zwei- 
ten Kem gewickelt sind. 

6. Kontaktlose Leistungsubertragungsvorrichtung 
nach Anspruch 5 zur Libert rag ung von Leistung auf 
eine Palette, auf die eine Achse des Servomotors 
eines Maschinenwerkzeugs, das hinzugefugt wer- 
den kann, montiert ist, wobei der erste Kern (91 ) an 
einer statischen Einheit befestigt ist, die neben der 
Rotationsachse eines rotierenden Tisches (82) an- 
geordnet ist, auf den die Palette (83) montiert ist, 
und der zweite Kem (93) koaxial zur Rotationsach- 
se der Palette (83) an der Palette (83) befestigt ist 

7. Kontaktloser Dynamotor zur Ubertragung von Lei- 
stung oder Obermittlung von Signalen zwischen ei- 
nem ersten und einem zweiten Element, die so an- 
geordnet sind, daB sie eine relative Rotationsbewe- 
gung ausfuhren konnen, aufweisend eine erste 
Spule (54;65;104), die von einem ersten (51;63; 
101) besagter Elemente getragen wird, und eine 
zweite Spule (55;-; 105), die von einem zweiten 
(53;63;103) besagter Elemente gehalten wird, und 
Kemeinrichtungen (51,53;61,63;101 ; 101,111) auf- 
weisend, die einen Teil des magnetischen Wegs bil- 
den, der sich durch die erste und die zweite Spule 
erstreckt und nicht durch die relative, einen Winkel 
bildende Position der beiden Elemente zueinander 
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beeinfluBt wird, wobei das erste beider Elemente 
aus einem hochfrequenten magnetischen Material 
gefertigt ist, und einen Teil der Kerneinrichtung bil- 
det und Arms aufweist, die senkrecht zur Rotations- 
achse des zweiten Elements stehen und wobei das 5 
zweite der beiden Elemente eine zylindrische Form 
hat, dadurch gekennzeichnet, daB das erste Ele- 
ment (51;61;101) eine U-formige Geometrie auf- 
weist und die beiden sich parallel erstreckenden Ar- 
me dieses Elements frei uber einen Bereich (93; io 
102)des zweiten Elements greifen, derart, daB eine 
Verbindung der beiden Elemente erhalten werden 
kann, indem sie relativ zu einander linear in eine 
Richtung bewegt werden, die senkrecht zur Achse 
der relativen Rotationsbewegung steht. '5 

8. Dynamotor nach Anspruch 7, dadurch gekenn- 
zeichnet, daB die beiden parallelen Arme (71) des 
ersten Elements (51 ;61 ) jeweils mit einem zu einer 
Seite hin offenen Schlitz (74) versehen sind, der ei- 20 
nen Endbereich des zweiten Elements (53;63) auf- 
nimmt, und das zweite Element (53;63) ebenfalls 
aus hochfrequentem magnetischen Material be- 
steht. 

25 

9. Dynamotor nach Anspruch 8, dadurch gekenn- 
zeichnet, daB die sich gegenOberliegenden Fla- 
chen der Schlitze (74) der Arme (71) des U-formi- 
gen ersten Elements (51 ;61 ) und des zylindrischen 
zweiten Elements (53; 63) sich verjungen bzw. ko- 30 
nisch sind. 

10. Dynamotor nach Anspruch 9, dadurch gekenn- 
zeichnet, daB das U-formige erste Element (61 ) und 
das zylindrische zweite Element (61 ) lose miteinan- 35 
der verbunden sind derart, daB sich beide Elemente 
durch eine magnetische Anregung eng aneinander- 
legen kdnnen, wobei die erste Spule (54; -) und die 
zweite Spule (55;65) derart gewikkelt sind, daB sie 
radial voneinander beabstandet sind, jedoch den- 40 
selben axialen Bereich abdecken. 

11. Dynamotor nach einem der Anspruche 8-10, da- 
durch gekennzeichnet, daB die zweite Spule (-) aut 
dem zylindrischen zweiten Element (63) angeord- 
net ist, wohingegen die erste Spule (65) in Form 
hergestellt ist, so daB sie gleitend aut die Oberfla- 
che des zweiten Elements (63) paBt. 

12. Dynamotor nach Anspruch 7, dadurch gekenn- 50 
zeichnet, daB die beiden Arme des Kern bildenden 
U-formigen ersten Elements (101) uber einen Um- 
fangsbereich (303) oder einen radial vorstehenden 
Flanschbereich (102) des zweiten Elements (103; 
290) greifen und daB die zweite Spule (105;294) in 55 
dem Umfangsbereich Oder radialen Flanschbereich 
angeordnet ist. 



13. Dynamotor nach Anspruch 12, dadurch gekenn- 
zeichnet, daB die zweite Spule (105) von einem 
nicht magnetischen Bereich (102) des zweiten Ele- 
ments (103) getragen wird. 

14. Dynamotor nach Anspruch 12, dadurch gekenn- 
zeichnet, daB die zweite Spule (105) von einem Be- 
reich (111) des zylindrischen Elements getragen 
wird, das aus hochfrequentem magnetischen Ma- 
terial gefertigt ist. 

1 5. Verwendung des kontaktlosen Dynamotor nach An- 
spruch 7 in einer Maschineneinrichtung. 

16. Verwendung in einer Maschineneinrichtung nach 
Anspruch 15, wobei die Maschineneinrichtung aus 
einer statischen Einheit und einer drehbaren Ein- 
heit besteht, die geeignet ist, sich zu drehen und 
entfernt zu werden, wobei die drehbare Einheit eine 
autonome Motoreinheit aufweist, wobei 

die autonome Motoreinheit mit zumindest: 

einem Motor, den Komponenten, die an die 
drehbare Einheit der Leistungsubertragungs- 
vorrichtung befestigt sind, die Leistung fur den 
Motorantrieb ohne direkten elektrischen Kon- 
takt empfangt, Antriebseinrichtungen, die die 
Leistung, die uber die Leistungsubertragungs- 
vorrichtung zugefuhrt wird, liefert und den Mo- 
tor antreibt, eine Stromsteuereinheit, um die 
Antriebseinrichtung anzutreiben, die von der 
Servosteuerung zur Steuerung der Rotation 
des Motors getrennt ist, die Komponenten einer 
ersten Signalubertragungsvorrichtung, die an 
der drehbaren Einheit befestigt sind, um ohne 
direkten elektrischen Kontakt Drehmomentbe- 
fehle zu empfangen, die der Stromsteuerein- 
heit zugefuhrt werden, Detektionseinrichtun- 
gen, um Information en uber den Betrieb des 
Motors zu erfassen, die Komponenten der 
zweiten Signalubertragungseinrichtung, die an 
der drehbaren Einheit zur Ubertragung von 
Ausgabesignalen der Detektionseinrichtungen 
ohne direkten elektrischen Kontakt befestigt 
sind, 

versehen ist 

und wobei die statische Einheit zumindest: 

eine hochfrequente Stromquelle, Komponen- 
ten der Leistungsubertragungsvorrichtung, die 
an der statischen Einheit zur Ubertragung von 
Leistung von der hochfrequenten Stromquelle 
aut die autonome Motoreinheit ohne direkten 
elektrischen Kontakt befestigt sind, Kompo- 
nenten der zweiten Signalubertragungseinrich- 
tung, die an der drehbaren Einheit befestigt 
sind, um das AusgabesignaJ der Detektionsein- 
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richtung der autonomen Motoreinheit ohne di- 
rekten elektrischen Kontakt zu empfangen, ei- 
ne Servosteuerung an der Seite der statjschen 
Einheit, die aus einem Teil der Servosteuerung 
besteht, von der die Stromsteuereinheit abge- 
trennt ist, um Drehmomentbefehie sowohl aus 
einem Befehlssignal, das von einer stromauf- 
warts angeordneten Einrichtung, als auch aus 
einem empfangenen Ausgabesignal der De- 
tektionseinrichtung erzeugt, und die Kompo- 
nenten des ersten Signalubertragungseinrich- 
tung, die an der statischen Einheit zur Obertra- 
gung von Drehmomentbefehien befestigt sind, 
die von der Servosteuerung an der Seite der 
statischen Einheit an die autonome Motorein- 
heit ohne direkten elektrischen Kontakt ausge- 
geben werden, 

aufweist. 

17. Verwendung in einer Maschineneinrichtung nach 
Anspruch 16, wobei ein Geschwindigkeitsverstar- 
ker und ein Positionsverstarker in der Servosteue- 
rung an der Seite der statischen Einheit vorgesehen 
sind, um einen Drehmomentbefehl zur Steuerung 
des Motors aus der Position und Geschwindigkeit 
des Motors zu erzeugen, die durch den Inhalt der 
Erfassung angegeben werden, die durch die Detek- 
tionsein richtung erfolgt, und einen Stromverstarker 
in der autonomen Motoreinheit vorgesehen ist, um 
den Motor als Antwort auf das Drehmomentsignal 
zu steuem. 

18. Verwendung in einer Maschineneinrichtung nach 
Anspruch 16, wobei ein Geschwindigkettsverstar- 
ker und ein Position sverstarker in der Servosteue- 
rung an der Seite der statischen Einheit vorgesehen 
sind, um einen Drehmomentbefehl zur Steuerung 
des Motors aus der Position und Geschwindigkeit 
des Motors zu erzeugen, die durch den Inhalt der 
Erfassung angegeben werden, die durch die Detek- 
tionseinrichtung erfolgt, und 

in der Stromsteuereinheit ein Stromverstarker zur 
Steuerung des Motors in Antwort auf den Strombe- 
f ehl und ein Erzeuger fur Strombefehle vorgesehen 
sind, um einen Strombefehl sowohl aus dem Dreh- 
momentbefehl als auch aus der Phase des Motors 
zu erzeugen, die durch den Inhalt der Erfassung, 
die durch die Detektionseinrichtungen erfolgt, an- 
gegeben werden. 

19. Verwendung in einer Maschineneinrichtung nach 
Anspruch 1 5, wobei mehrere autonome Motorein- 
heiten vorgesehen sind, die in mehreren Stufen 
kombiniert sind, die Drehmomentbefehie von einer 
Servosteuerung auf der Seite der statischen Einheit 
empfangen, die Leistungszufuhrung von der stati- 
schen Einheit in jede Stufe der autonomen Motor- 



einheiten und Ubertragung von Datensignalen und 
Steuersignalen zwischen der seitlichen Servo- 
steuerung auf der Seite der statischen Einheit und 
der Stromsteuereinheit in jeder Stufe uber eine Lei- 
s stungsubertragungsvorrichtung erfolgen, die zwi- 
schen der statischen Einheit und der ersten Stufe 
der autonomen Motoreinheiten in den einzelnen 
Stufen vorgesehen sind. 

10 20. Verwendung einer Maschineneinrichtung nach ei- 
nem der Anspruche 17 bis 1 9, wobei die Leistungs- 
ubertragungsvorrichtung und die Signalubertra- 
gungseinrichtung in einer integrierten Einheit auf- 
gebaut sind. 

75 

21. Verwendung einer Maschineneinrichtung nach An- 
spruch 16, wobei die autonome Motoreinheit steu- 
erbar ein bewegliches Element antreibt, das in die 
besagte Motoreinheit eingebaut ist oder steuerbar 

20 den Mechanismus der autonomen Motoreinheit 
selbst steuert. 

22. Verwendung in einer Maschineneinrichtung nach 
Anspruch 16, wobei die Maschineneinrichtung ein 

25 Maschinenwerkzeug, eine Robotorein richtung oder 
Zusatzgerate fur diese ist. 

23. Verwendung in einer Maschineneinrichtung nach 
Anspruch 21 , wobei die autonome Motoreinheit als 

30 Einheit aufgebaut ist, die geeignet ist, aus der Ma- 
schineneinrichtung entfernt zu werden. 

24. Verwendung in einer Maschineneinrichtung nach 
Anspruch 15, wobei die Maschineneinrichtung eine 

35 Dreheinrichtung beinhaltet und die Leistungsuber- 
tragungsvorrichtung und die Signal ubertragungs- 
einrichtung koaxial in bezug auf die Rotationsachse 
der Dreheinrichtung befestigt sind. 

40 25. Verwendung in einer Einrichtung nach Anspruch 

24, wobei die drehbare Einrichtung eine elektrische 
Ladung aufweist, die am Ende ihrer Rotations we He 
install iert ist, und eine Verdrahtung von der zweiten 
Spule der Leistungsubertragungsvorrichtung zum 

45 Ende der Rotationswelle und die Verdrahtung, die 
am Ende der drehbaren Einheit des Signalubertra- 
gungse'm richtung am Ende der Rotationswelle in ei- 
ner Vertiefung, die auf dem AuBenumfang der Ro- 
tationswelle in Richtung der Wellenachse oder in ei- 

50 nem Hohlbereich einer hohlen Rotationswelle vor- 
gesehen ist, angeordnet sind. 

26. Verwendung in einer Einrichtung nach Anspruch 

25, wobei die drehbare Einrichtung ein Motor ist, 
55 der zweite Kem der Leistungsubertragungsvorrich- 

tung auf der Rotationswelle vorgesehen ist und an 
beiden Ende durch Lager gehalten werden, wobei 
vorgesehen ist, daft der erste Kem an der stati- 
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schen Einheit befestigt ist und dem zweiten Kern 
Ober einen Zwischenraum gegenubersteht, und ei- 
ne Signalubertragungseinrichtung am auQeren 
Umfangsrand der Rotationswelle und der stati- 
schen Einheit gegenuberstehend angeordnet, vor- s 
gesehen ist. 

27. Verwendung in einer Einrichtung nach Anspruch 
25, wobei die Rotationseinrichtung eine Redukti- 
onsanordnung ist, der zweite Kem der Leistungs- io 
ubertragungsvorrichtung auf der Ausgabewelle mit 
variabler Geschwindigkeit, die an beiden Enden 
durch Lager gehalten wird, vorgesehen ist, es vor- 
gesehen ist, daft der erste Kern an der statischen 
Einheit befestigt ist und dem zweiten Kem Ober ei- is 
nen Zwischenraum gegenubersteht, und die Si- 
gnalubertragungseinrichtung nach Anspruch 1 2 auf 
dem auBeren Umfang der Ausgabewelle von varia- 
bler Geschwindigkeit in einer der statischen Einheit 
gegenuberiiegenden Position angeordnet ist. 20 

28. Verfahren zur Steuerung einer kontaktlosen Lei- 
stungszufuhrung fur einen Motor, der fOr die Ma- 
schineneinrichtung, wie sie in Anspruch 16 be- 
schrieben ist, verwendbar ist, wobei ? s 

die Servosteuerung an der Seite der statischen 
Einheit einen Drehmomentbefehl sowohl aus 
einem Befehlssignal, das von einer vomer be- 
schriebenen stromaufwarts angeordneten Ein- 30 
richtung zugefuhrt wird, als auch aus dem In- 
halt der Detektion, die durch die Detektionsein- 
richtungen erfolgt, erzeugt und den Drehmo- 
mentbefehl einer autonomen Motoreinheit zu- 
fuhrt, und 3 $ 
die autonome Motoreinheit einen Motor als Ant- 
wort auf das Drehmomentsignal, das von der 
Servosteuerung auf der Seite der statischen 
Einheit bereitgestellt wird, antreibt. 

40 

29. Verfahren zur Steuerung kontaktloser Stromzufuh- 
rung nach Anspruch 28, wobei 

die Servosteuerung an der Seite der statischen 
Einheit einen Drehmomentbefehl sowohl aus *s 



einem Befehlssignal, das von einer vorher be- 
schriebenen stromaufwarts angeordneten Ein- 
richtung zugefuhrt wird, als auch aus einer Ge- 
schwindigkeit und einer Position des Motors, 
die durch den Inhalt der Detektion angegeben 
werden, die durch die Detektionseinrichtungen 
erfolgt, erzeugt und den Drehmomentbefehl ei- 
ner autonomen Motoreinheit zufuhrt, und 
der autonome Motoreinheit einen Motor an- 
treibt, wobei der Drehmomentbefehl, der von 
der Servosteuerung auf der Seite der stati- 
schen Einheit bereitgestellt wird, als Strombe- 
fehl verwendet wird. 



30. Verfahren zur Steuerung kontaktloser Leistungszu- 
fuhrung fur einen Motor nach Anspruch 28, wobei 

die Servosteuerung an der Seite der statischen 
Einheit einen Drehmomentbefehl sowohl aus 
einem Befehlssignal, das von einer vorher be- 
schriebenen stromaufwarts angeordneten Ein- 
richtung geliefert wird, als auch aus einer Ge- 
schwindigkeit und einer Position des Motors, 
die durch den Inhalt der Detektion angegeben 
wird, die durch die Detektionseinrichtungen er- 
folgt, erzeugt und den Drehmomentbefehl einer 
autonomen Motoreinheit zufuhrt, und 
die autonome Motoreinheit ein Stromsignal so- 
wohl aus einer Phase des Motors, die durch 
den Inhalt der Detektion angegeben wird, die 
durch die Detektionseinrichtungen erfolgt, und 
aus dem Drehmomentbefehl, der von der Ser- 
vosteuerung auf der Seite der statischen Ein- 
heit bereitgestellt wird, erzeugt und den Motor 
antreibt 



Revendicatlons 

1. Appareillage de transmission de puissance sans 
contact pour un appareil d'usinage, dans lequel la 
puissance est acheminee sans contact electrique 
direct a partir cfune unite statique jusqu'a une unite 
rotative de I'appareil d'usinage, caracterise par: 

un noyau fendu constitue par un premier noyau 
(51) et par un second noyau (53) fixes a I'unite 
statique et a I'unite rotative, respectivement, 
qui forment un circuit magnetique dont la lon- 
gueur de chemin magnetique n'est pas soumi- 
se a des variations dues a une rotation arbitrai- 
re du second noyau (53) par rapport au premier 
noyau (51 ); 

une premiere bobine (54) reliee a une source 
de courant atternatif de haute frequence, pre- 
vue dans I'unite statique pour foumir une force 
magnetomotrice au circuit magnetique; et une 
seconde bobine (55) reliee a un dispositif re- 
cepteur de puissance fixe a Punite rotative, la- 
dite seconde bobine (55) etant arrangee pour 
etablir une liaison avec le flux magnetique qui 
passe a travers le circuit magnetique. 

so 2. Appareil selon la revendication 1, dans lequel le 
premier noyau (51) parmi les premier et second 
noyaux est un element magnetique a haute fre- 
quence possedant une section transversale en U, 
dans lequel deux parties (71 ) en forme de branches 

ss s'etendant en parallele sont orientees perpendicu- 
lairement a Paxe de rotation de I'unite rotative, et 
I'autre noyau (53) est un element magnetique a 
haute frequence de forme cylindrique arrange de 
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telle sorte que son axe central soit coaxial avec I'axe 
de rotation, chaque portion terminate du noyau cy- 
lindrique venant se loger dans un trou de reception 
(52) pratique dans chacune des parties en forme de 
branches du noyau en U, les deux noyaux etant a s 
meme de tourner en coulissement Tun par rapport 
a I'autre autour dudit axe. 

Appareil selon la revendication 2, dans lequel les 
surfaces de jointement dudit noyau en forme de U 10 
et dudit noyau cylindrique sont de forme conique, 
et dans lequel chaque partie (71) en forme de bran- 
che du noyau en U possede une fente (74) s'eten- 
dant depuis I'extr6mit6 de la partie en forme de 
branch e jusqu'au trou de reception (72) pour fixer is 
et retirer le noyau cylindrique (73) au et du trou de 
reception (72). 

Appareil selon la revendication 3, dans lequel le 
premier noyau est un noyau cylindrique (63), le se- 20 
cond noyau est un noyau en U (61), le second 
noyau (61 ) est fixe avec du jeu a I'unite. rotative de 
telle sorte que le second noyau (61), lorsqu'il est 
excite par voie magnetique, peut venir se disposer 
en ajustage serre contre le premier noyau (63), ia 2s 
premiere bobine etant roulee sur le premier noyau 
et la seconde bobine (65) etant en roulee en etant 
espacee en direction radiate par rapport a la pre- 
miere bobine et en recouvrant cette derniere. 

so 

Appareil selon la revendication 3, dans lequel le 
premier noyau (51 ) est un noyau en U, le second 
noyau (53) est un noyau cylindrique et les premiere 
et seconde bobines (54, 55) sont enroulees sur les 
premier et second noyaux, respectivement. 35 

Appareillage de transmission de puissance sans 
contact selon la revendication 5, pour alimenter en 
courant une palette sur laquelle est monte un axe 
de servomoteur d'une machine-outil qui doit venir *o 
sV ajouter, dans lequel le premier noyau (91) est 
fixe a une unite statique en position adjacente a 
I'axe de rotation d'une table rotative (82) sur laquel- 
le est montee la palette (83) et le second noyau (93) 
est fixe a ia palette (83) en position coaxiale avec 
I'axe de rotation de la palette (83). 

Transformateur rotatif sans contact pour la trans- 
mission de puissance ou pour la transmission de 
signaux entre des premier et second membres ar- so 
ranges pour effectuer un mouvement rotatif relatif, 
comprenant une premiere bobine (54; 65; 104) por- 
ted par un premier element (51; 63; 101) parmi les- 
dits elements et une seconde bobine (55; --; 105) 
portee par un second element (53; 63; 103) parmi 55 
lesdits elements, et comprenant des moyens de 
noyaux (51,53; 61,63; 101, 111) faisant partie d*un 
chemin magnetique s'etendant a travers les pre- 



miere et seconde bobines et qui ne sont pas influen- 
ces par la position angulaire relative desdits deux 
elements, le premier desdits deux elements etant 
realist en une matiere magnetique a haute frequen- 
ce et faisant partie desdits moyens de noyaux et 
possedant des branches perpendiculaires a I'axe 
de rotation dudit second element, le second ele- 
ment parmi lesdits deux elements etant de forme 
cylindrique, caracteris6 en ce que ledit premier ele- 
ment (51 ; 61 ; 101 ) possede une configuration en U 
et en ce que les deux branches dudit element, 
s'etendant en parallele, enserrent avec du jeu une 
portion (93; 1 02) dudit second element de telle sorte 
que Ton peut realiser la jonction desdits deux ele- 
ments via leur mouvement lineaire relatif dans une 
direction perpendiculaire a I'axe du mouvement ro- 
tatif relatif. 

8. Transformateur rotatif selon la revendication 7, ca- 
racterise en ce que les deux branches paralleles 
(71 ) dudit premier 6|6ment (51 ; 61 ) sont respective- 
ment munies d'une fente (74) s'ouvrant en direction 
laterale, dans laquelle vient se loger une portion ter- 
minate dudit second element (53; 63), et en ce que 
le second element (53; 63) est egalement realise 
en une matiere magnetique a haute frequence. 

9. Transformateur rotatif selon la revendication 8, ca- 
racteYis6 en ce que les surfaces oppos^es des fen- 
tes (74) des branches (71) du premier element en 
U (51 ; 61 ) et du second element cylindrique (53; 63) 
pr6sentent des contcit6s correspondantes. 

10. Transformateur rotatif selon la revendication 9, ca- 
racterise en ce que le premier element en U (61 ) et 
le second element cylindrique (63) sont relies Tun 
a I'autre avec du jeu de telle sorte que, lors de I'ex- 
citation magnetique, les deux elements peuvent ve- 
nir se disposer Tun contre I'autre en ajustage serr6, 
la premiere bobine (54; --) et la seconde bobine (55; 
65) etant enroulees de telle sorte qu'elles sont es- 
pacees en direction radiale, rnais qu'elles recou- 
vrent la meme zone axiale. 

11. Transformateur rotatif selon I'une quelconque des 
revendications 8 a 1 0, caracteris6 en ce que la se- 
conde bobine (--) est arrang6e sur ledit second ele- 
ment cylindrique (63), tandis que la premiere bobi- 
ne (65) est faconnee par moulage pour venir se dis- 
poser en ajustage serre par coulissement sur la sur- 
face dudit second element (63). 

12. Transformateur rotatif selon la revendication 7, ca- 
racterise en ce que les deux branches dudit premier 
element en U (1 01 ) formant un noyau enserrent une 
portion peripherique (303) ou une portion de bride 
(1 02) dudit second element (1 03; 290) faisant saillie 
en direction radiale, et en ce que la seconde bobine 
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(105; 294) est arrangee dans ladite portion periphe- 
rique ou de bride radiale. 

1 3. Transformateur rotatif selon la revendication 1 2, ca- 
racterise en ce que la seconde bobine (105) est por- 
tee par une portion non magnetique (1 02) dudit se- 
cond element (103). 

1 4. Transformateur rotatif selon la revendication 1 2, ca- 
racterise en ce que la seconde bobine (1 05) est por- 
tee par une portion (111) dudit element cylindrique 
realise en une matiere magnetique a haute frequen- 
ce. 

1 5. Utilisation du transformateur rotatif sans contact se- 
lon la revendication 7 dans un appareil d'usinage. 

16. Utilisation dans un appareil d'usinage selon la re- 
vendication 15 dans laquelle I'appareil d'usinage 
est constitu6 d'une unite statique et d'une unite ro- 
tative manifestant une aptitude a la rotation et au 
retrait, ('unite rotative possedant une unite de mo- 
teur autonome, dans laquelle I'unite de moteur 
autonome comprend au moins: un moteur; les com- 
posants fixes a I' unite rotative de I'appareillage de 
transmission de puissance qui report I'energie mo- 
trice pour entraTner le moteur sans contact electri- 
que direct; un moyen d'entrainement qui entre 
I'energie motrice acheminee via I'appareillage de 
transmission de puissance et qui entraine le mo- 
teur; une unite de commande de courant pour en- 
traTner les moyens d'entrainement, qui est sepatee 
d'une servocommande pour commander la rotation 
du moteur; les composants d'un premier appareil 
de transfer! de signaux fixe a I'unite rotative pour 
recevoir sans contact 6lectrique direct des com- 
mandes de couples qui doivent etre alimentees a 
I'unite de commande de courant; des moyens de 
detection pour detecter des informations de fonc- 
tionnement du moteur; les composants du second 
appareil de transf ert de signaux fix6 a I'unite rotative 
pour transmettre des signaux de sortie provenant 
des moyens de detection, sans contact electrique 
direct; 

et I'unite statique comprenant au moins: une 
source de courant de haute frequence; des compo- 
sants de I'appareillage de transmission de puissan- 
ce fixes a I'unrte statique pour transmettre I'energie 
motrice provenant de ia source de courant de haute 
frequence a I'unrte de moteur autonome sans con- 
tact electrique direct; des composants du second 
appareil de transf ert de signaux fixe a I'unite rotative 
pour recevoir la sortie des moyens de detection de 
I'unite de moteur autonome sans contact electrique 
direct; une servocommande disposed sur le cote de 
I'unrte statique constitute par une portion de la ser- 
vocommande dont est separee F unite de comman- 
de de courant, pour gentrer des commandes de 



couples provenant a lafois d'un signal de comman- 
de alimente par un appareil monte en amont et 
d'une sortie recue par les moyens de detection; et 
les composants du premier appareil de transfert de 
5 signaux fix6 a I'unite statique pour transmettre des 
commandes de couples emises par la servocom- 
mande disposed sur le cote de I'unite statique a 
I'unite de moteur autonome sans contact electrique 
direct. 

10 

17. Utilisation dans un appareil d'usinage selon la re- 
vendication 16, dans laquelle on prevoit un amplifi- 
cateur de vitesse et un amplificateur de position 
dans la servocommande disposee sur le c6te de 

is I'unite statique pour generer une commande de 
couple dans le but de commander le moteur a partir 
de la position et de la vitesse du moteur indiquees 
par I'objet de la detection realisee par le moyen de 
detection, et un amplificateur de courant prevu dans 

20 r unite de moteur autonome pour commander le mo- 
teur en reponse a la commande de couple. 

18. Utilisation dans un appareil d'usinage selon la re- 
vendication 16, dans laquelle on prevoit un amplifi- 

25 cateur de vitesse et un amplificateur de position 
dans la servocommande disposee sur le cote de 
I'unite statique pour generer une commande de 
couple provenant de la position et de la vitesse du 
moteur indiqu6es par I'objet de la detection realisee 

30 par les moyens de detection et a partir d'un signal 
de commande provenant d'un appareil monte en 
amont; et 

dans Punite de commande de courant, on pre- 
voit un amplificateur de courant pour commander le 

35 moteur en teponse a la commande de courant, et 
un generate ur de commande de courant pour ge- 
nerer une commande de courant a la fois a partir 
de la commande de couple et de la phase du moteur 
indiqutes par- I'objet de la detection realisee par 

40 les moyens de detection. 

19. Utilisation dans un appareil d'usinage selon la re- 
vendication 15, dans laquelle on prevoit plusieurs 
unites de moteurs autonomes combinees en plu- 

45 sieurs stages, qui recoivent des commandes de 
couples a partir d'une servocommande disposee 
sur le cote de I'unite statique, I'alimentation en cou- 
rant a partir de I'unite statique en direction de cha- 
que etage des unites de moteurs autonomes et la 

50 communication des signaux de donnees et des si- 
gnaux de commande entre la servocommande dis- 
posee sur le cote de I'unite statique et I'unite de 
commande de courant de chaque etage 6tant rea- 
lisees via un appareillage de transmission de puis- 

55 sance et via un appareil de transfert de signaux pre- 
vus entre I'unite statique et le premier etage des uni- 
tes de moteurs autonomes, et entre les unites de 
moteurs autonomes dans des etages individuels. 
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20. Utilisation dans un appareil d'usinage selon Tune 
quelconque des revendications 17 a 19, dans la- 
queile I'appareillage de transmission de puissance 
et I'appareil de transfer! de signaux sont constructs 
sous forme d'une unite integree. 5 

21. Utilisation dans un appareil d'usinage selon la re- 
vendication 16, dans laquelle Punite de moteur 
autonome entraTne de maniere reglable un element 
mobile monte dans cette unite de moteur autonome 10 
ou encore entratne de maniere reglable le mecanis- 

me de cette unite de moteur autonome elle-meme. 

22. Utilisation dans un appareil d'usinage selon la re- 
vendication 16, dans laquelle I'appareil d'usinage 1* 
est une machine-outil, un robot ou encore des equi- 
pements qui y sont lies. 

23. Utilisation dans un appareil d'usinage selon la re- 
vendication 21, dans laquelle I'unite de moteur 20 
autonome est construite sous forme d'une unite ca- 
pable d'etre retiree de I'appareil d'usinage. 

24. Utilisation dans un appareil d'usinage selon la re- 
vendication 15, dans laquelle I'appareil d'usinage 2$ 
englobe un appareil rotatif et I'appareillage de trans- 
mission de puissance, ainsi que I'appareil de trans- 

f ert de signaux sont monies en position coaxiale par 
rapport a I'axe de rotation de I'appareil rotatif. 

30 

25. Utilisation dans un appareil cfusinage selon la re- 
vendication 24, dans laquelle I'appareil rotatif pos- 
sede une charge electrique montee a I'extremrte de 
son arbre de rotation, le cablage depuis la seconde 
bobine de I'appareillage de transmission de puis- 35 
sance jusqu'a I'extremite de I'arbre de rotation et le 
cablage depuis le composant fixe a P unite rotative 

de I'appareil de transfert de signaux jusqu'a I'extre- 
mrte de I'arbre de rotation etant arranges dans une 
rain u re prevue sur la circonference extern e de Par- 40 
bre de rotation dans la direction de Paxe de I'arbre 
ou encore dans une portion creuse d'un arbre de 
rotation creux. 

26. Utilisation dans un appareil d'usinage selon la re- <*5 
vendication 25, dans laquelle I'appareil rotatif est un 
moteur; le second noyau de I'appareillage de trans- 
mission de puissance est prevu sur I'arbre de rota- 
tion supporte par des paliers a ses deux extremites; 

le premier noyau est prevu pour etre fixe a I'unite so 
statique et face au second noyau a travers un es- 
pace libre; et I'appareil de transfert de signaux est 
prevu sur la peripherie exteme de I'arbre de rotation 
a un endroit faisant face a I'unite statique. 

ss 

27. Utilisation dans un appareil cfusinage selon la re- 
vendication 25, dans laquelle Pappareil rotatif est un 
arrangement a reduction; le second noyau de I'ap- 



pareillage de transmission de puissance est prevu 
sur Parbre de sortie a Vitesse reglable supporte par 
des paliers a ses extremites; le premier noyau est 
prevu pour etre fixe a I'unite statique en faisant face 
au second noyau a travers un espace libre; et I'ap- 
pareil de transfert de signaux selon la revendication 
12 est prevu sur la peripherie externe de I'arbre de 
sortie a vitesse reglable et dans une position faisant 
face a I'unite statique. 

28. Precede de r eg] age d'une alimentation en courant 
sans contact pour un moteur, qui peut etre applique 
a Pappareil d'usinage tel que decrit a la revendica- 
tion 1 6, dans lequel 

la servocommande disposee sur le cote de 
I'unite statique gene re une commande de cou- 
ple provenant a la fois d'un signal de comman- 
de emis par un appareil prevu en amont et de 
I'objet de la detection realisee par les moyens 
de detection, et fournit la commande de couple 
a une unite de moteur autonome, et 
I'unite de moteur autonome entraTne un moteur 
en reponse a la commande de couple foumie 
par la servocommande disposee sur le cote de 
I'unite statique. 

29. Precede de reglage d'une alimentation en courant 
sans contact selon la revendication 28, dans lequel 

la servocommande disposee sur le cote de 
I'unite statique genere une commande de cou- 
ple provenant a la fois d'un signal de comman- 
de emis par un appareil monte en amont, ainsi 
que cf une vitesse et d'une position du moteur 
indiquees par Pobjet de la detection realisee par 
les moyens de detection, et transmet la com- 
mande de couple a une unite de moteur auto- 
nome, et 

I'unite de moteur autonome entraTne un moteur 
en utilisant la commande de couple foumie par 
la servocommande disposee sur le cote de 
Punite statique a titre de commande de courant. 

30. Precede de reglage d'une alimentation en courant 
sans contact selon la revendication 28, dans lequel 

la servocommande disposee sur le cote de 
I'unite statique genere une commande de cou- 
ple provenant a la fois du signal de commande 
entre a partir d'un appareil monte en amont, 
ainsi que d* une vitesse et cfune position du mo- 
teur indiquees par Pobjet de la detection reali- 
see par les moyens de detection, et transmet 
la c*xnmande de couple a une unite de moteur 
autonome, et 

Punite de moteur autonome genere une com- 
mande de courant provenant a la fois d'une 
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phase du moteur indiquee par I'objet de la de- 
tection realisee par les moyens de detection et 
de la commande de couple foumie par la ser- 
vocommande disposee sur le cote de I'unite 
statique, et entratne un moteur. 
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Fig* 4 
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Fig. 5 
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Fig. 6 
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Fig. 8 
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Fig* 10 
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Fig. 16 
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Fig. 18 
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Fig. 21 
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Fig. 23 
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